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Complications of arteriovenous hemodialysis
access: Recognition and management
Frank T. Padberg Jr, MD,a Keith D. Calligaro, MD,b and Anton N. Sidawy, MD, MPH,c Newark and
East Orange, NJ; Philadelphia, Pa; and Washington, DC
English language citations reporting complications of arteriovenous access for hemodialysis are critically reviewed and
discussed. Venous hypertension, arterial steal syndrome, and high-output cardiac failure occur as a result of hemody-
namic alterations potentiated by access flow. Uremic and diabetic neuropathies are common but may obfuscate
recognition of potentially correctable problems such as compression or ischemic neuropathy. Mechanical complications
include pseudoaneurysm, which may develop from a puncture hematoma, degeneration of the wall, or infection.
Dysfunctional hemostasis, hemorrhage, noninfectious fluid collections, and access-related infections are, in part,
manifestations of the adverse effects of uremia on the function of circulating hematologic elements. Impaired erythro-
poiesis is successfully managed with hormonal stimulation; perhaps, similar therapies can be devised to reverse platelet
and leukocyte dysfunction and reduce bleeding and infectious complications. ( J Vasc Surg 2008;48:55S-80S.)Management of complications associated with arterio-
venous (AV) access is an integral part of planning individual
hemoaccess procedures. These comments are formulated as
a separate but complimentary document to the Society for
Vascular Surgery Clinical Practice Guidelines for the Surgi-
cal Placement andMaintenance of Arteriovenous Hemodi-
alysis Access.
Literature citations in the English language are criti-
cally reviewed and discussed. Recent data collated from
large surveys and revised practice recommendations are
incorporated.1-3 Relevant randomized controlled trials,
meta-analyses, or systematic reviews are noted in the refer-
ence section with an asterisk [*]. However, due to the
infrequency of many of these morbidities, much of the
information is derived from clinical series. Because this is
not a systematic review, the evidence is not rigorously
classified and graded as in the Clinical Practice Guidelines.
The text outline follows that introduced in the report-
ing standards; grading of severity estimates, the extent of
treatment required, or the morbidity incurred.4 Nomencla-
ture is standardized to AV access throughout the text to
retain consistency with these standards; reference citations,
however, frequently retain terms such as fistula (autoge-
nous arteriovenous fistula) and hemoaccess (an alternate
term for AV access).
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rizing the major points discussed in each section. Consid-
eration of each complication commences with a description
of its characteristic clinical features and pathophysiology.
Presentation of recognized treatment options is followed
by current recommendations for management.
DYSFUNCTIONAL HEMOSTASIS
● Platelet dysfunction in uremia is common in patients
with end-stage renal disease (ESRD). It is often man-
ifested as bleeding into potential anatomic spaces.
X The hazard rate for bleeding in ESRD patients is
0.55 per annum
X The hazard rate increased with antiplatelet therapy
to 0.99 per annum.
● Template bleeding time is the most reliable method to
distinguish individuals at risk for bleeding because
results of other coagulation tests and the platelet count
are usually normal.
● Management of acute bleeding is best treated with
1-deamino-8-D-arginine vasopressin (DDAVP). Most
effective as a single dose, it produces a 4- to 6-hour
effect. Cryoprecipitate may play an adjunctive role, but
results have been less consistent.
● Several interventions are recommended for chronic
bleeding
X Maintenance of a hematocrit 30%
X Assurance of adequate dialysis
X Adjunctive estrogen offers a 2-week benefit.
● Persistent hemorrhage from needle holes
X Direct digital compression; adjunctive suture
X Covered stent (endograft) may be useful if skin is
intact
X For eroded skin or degenerated conduit wall, place a
jump graft.
A clinically significant bleeding tendency is a frequent
complication of uremia, and its risk is assessed by template
bleeding time. Hemorrhage into deep organs (subdural
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cardial hemorrhage) and superficial bleeding (bruising,
puncture sites, catheter entry sites) are both common. A
recent randomized clinical trial focused on pharmacologic
intervention for graft thrombosis observed a 24% incidence
of bleeding events in the placebo group 6 months.5 The
hazard rate for bleeding in the placebo group was 0.5 per
year (95% confidence interval [CI], 0.32-0.75).5 Gastroin-
testinal hemorrhage is the second leading cause of death in
acute renal failure and was the most frequent bleeding
event in the trial.5,6
Clinical features
Specifically, the vascular surgeon will encounter dys-
functional hemostasis in two common clinical situations.
The first is intraoperative, characterized by diffuse oozing
throughout the wound and prolonging both the dissection
and closure. The second is after dialysis, characterized by a
failure of hemostasis at the puncture sites in a reasonable
time. This maymanifest as external bleeding, hematoma, or
pseudoaneurysm.
In more general terms it would be advantageous if
uremic patients with a higher risk of clinically significant
bleeding could be identified before any major invasive
procedures (ie, renal biopsy, catheterization, surgery, ac-
cess placement, etc). What specific therapy could be admin-
istered before these invasive interventions?
Pathophysiology and restoration of coagulability
The increased bleeding tendency in the uremic patient
is multifactorial, but is attributed to platelet dysfunction.
Normal results on coagulation studies and normal platelet
counts with abnormal bleeding times are characteristic.7,8
Uremic patients with hemorrhagic problems often have
bleeding times of 15 to 30 minutes.7,9-12 Although the
exact mechanism has not been elucidated, clinical and basic
research has begun to unravel this clinical puzzle during
the past several decades. Defective aggregation, defective
thromboxane-A2 production, nitric oxide, fibrinogen, von
Willebrand factor (vWF), glycoprotein (GP), and the
GPIIb-IIIa complex are implicated in abnormal platelet-to-
platelet and platelet-to- vessel wall interactions.6,8,9,13
Recognition and acceptance of the template bleeding
time as the best method for identifying uremic patients at
risk for bleeding provided a reproducible end point for
clinical studies.9 Platelet aggregation studies, glomerular
filtration rate (GFR), blood urea nitrogen/creatinine level,
and bleeding times were significantly correlated, but only
the bleeding time discriminated patients affected by clinical
bleeding problems. The clinical studies described subse-
quently have used this end point to evaluate delivery of
dialysis, anemia and epoetin alfa, estrogen, cryoprecipitate,
vasopressin, and antiplatelet agents (clopidogrel). These
investigations have defined effective therapy for acute and
prolonged hemorrhage associated with uremia.
Cryoprecipitate. Results from a series of six patients
were used to advance cryoprecipitate acute therapy for
uremic bleeding.10 The patients responded to the infusionwith a shortened bleeding time or resolution of major
bleeding episodes, or both. Its mechanism of action re-
mains undefined. Potencymay vary between different prep-
arations. Cryoprecipitate is a plasma derivative containing
vWF, fibrinogen, and fibronectin.6 The typical dose is 10 U
infused during 30 minutes.10,14 The total dose is guided by
the clinical response (ie, bleeding time and cessation of
bleeding). It offers the advantage of an immediate effect;
however, its duration of action is short, the hemostatic
effects are lost 24 hours, and exposure to blood-borne
infectious disease exists. Although still widely used, subse-
quent authors have found a less consistent response to this
therapy.14 Because of these factors, cryoprecipitate is most
appropriate when the need for hemostasis is immediate.
Vasopressin. In randomized, double-blinded, placebo-
controlled trials, the effectiveness of vasopressin (DDAVP),
was confirmed by a reduction in template bleeding time
and achievement of normal periprocedural hemostasis.7,15
A synthetic analog of antidiuretic hormone, DDAVP is
hypothesized to induce the release of autologous vWF from
storage sites.16 The initial dose is 0.3 g/kg administered
intravenously with a 50 mL bolus of saline during 30
minutes. The hemostatic effect is maximal after 1 hour and
is retained for up to 4 to 6 hours.7 Repeat doses appear to
be less efficacious.17 Alternatively, it may be administered
subcutaneously (dose, 0.3 g/kg) or intranasally (dose, 2
g/kg); equivalent efficacy was demonstrated in similar
controlled clinical trials.15,18 Side effects are generally min-
imal. DDAVP provides immediate off-the-shelf treatment,
but its effect is of short duration.
Erythropoietin and restoration of red cell vol-
ume. Restoration of a hematocrit 30% effectively re-
duces bleeding time, and randomized trials have confirmed
that packed red cell transfusions or erythropoietin effec-
tively reduce clinically significant bleeding in the uremic
patient.8,11,19 An inverse relationship exists between rising
packed cell volume and decreasing bleeding time.8,19 The
effect is achieved with a hematocrit of 30% but no rela-
tionship to change was noted in platelet count.19 The
effectiveness of increased red cell mass is hypothesized to be
a rheologic effect, by directing more of the platelet ele-
ments toward the endothelial wall facilitating platelet–
vascular wall interactions.8,19 Thus, erythropoietin pro-
vides the double advantage of correcting anemia and
diminishing the risk of bleeding over the long term.
Estrogen therapy. Bleeding time in von Willebrand
disease is often corrected during pregnancy, and random-
ized, placebo-controlled trials have confirmed that estro-
gen administration shortens the bleeding time in uremic
patients, both women and men.12,20 The major advantage
of this modality is the duration of hemostatic effect of up to
14 days; the maximum reduction in bleeding time was
between 5 and 7 days, and the initial effect was evident6
hours.12 Infusions of conjugated estrogen were effective
for this time frame with a dose of 0.6 mg/kg for 4 to 5
days.12,20 Themost active agent in the conjugated estrogen
infusion was 17-estradiol.21 The transdermal application
of 17-estradiol (50 to 100 g/24 h) reduced bleeding
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cessation of active clinical bleeding in six patients with
recurrent gastrointestinal hemorrhage.22 The efficacy of
the lower dose was hypothesized to reflect the constant
steady-state levels. The mechanism of the estrogen effect
remains under investigation. Exuberant nitric oxide pro-
duction in the wall of the vascular endothelium is impli-
cated by studies relating L-arginine to defective platelet
adhesion to subendothelium in uremic patients.13,23,24
Estrogen therapy is quickly effective, and its effects are
maintained for approximately 2 weeks after a series of
doses.
Dialysis—antiplatelet and anticoagulant therapy. In
addition to the measures described previously, it is assumed
that bleeding patients have received adequate dialysis. If
not, intensification of dialysis may also be beneficial in the
bleeding patient. Heparin, used to prevent clotting in the
dialysis circuit, can also be avoided in patients with active
bleeding or elevated bleeding times.
Evidence from randomized, prospective clinical trials
shows no role for clopidogrel or warfarin as an adjunct to
patency of prosthetic or autogenous AV access. Prosthetic
access thrombosis was not reduced by 75mg of clopidogrel
plus 325 mg of acetylsalicylic acid (ASA), and the trial was
terminated prematurely because the risk of bleeding (gas-
trointestinal, hematoma, hematuria, and prolonged needle
site bleeding) doubled in the clopidogrel group. The bleed-
ing hazard rate for the treatment group was 0.99 per year
(95% CI, 0.73-1.34).5
Similarly, another randomized controlled trial with low
dose warfarin (international normalized ratio, 1.4-1.9) re-
ported no improvement in prosthetic graft function and an
increase in major bleeding events with warfarin.25 Clopi-
dogrel (75 mg) demonstrated no benefit for autogenous
access either. An improvement in patency did not translate
into an increase in autogenous AV accesses suitable for
dialysis; bleeding events did not increase, but duration of
follow-up was limited to 30 days of access use.26
Myocardial complications remain a major source of
morbidity and mortality in the patient with ESRD.27,28 As
the evidence supporting medical interventions for these
diseases grows, more renal patients are likely to be treated
with ASA, clopidogrel, warfarin, and other potent anti-
thrombotic agents for concomitant medical problems re-
lated to coronary artery disease and atrial arrhythmias.
Although these therapies are supported by level I evidence,
the subpopulation of patients with ESRD appears to have a
different level of risk for bleeding. In addition, increasing
use of percutaneous arterial and venous therapeutic inter-
ventions is accompanied by the introduction of more po-
tent agents such as GPIIb-IIIa inhibition and clopidogrel.
Intuitively, all of these therapies will create increased bleed-
ing problems in the dialysis population. Therefore, the risks
and benefits of warfarin and antiplatelet medications should
be seriously considered before prescribing them for uremic
patients.Intraoperative and postoperative bleeding diathesis
Patients scheduled for elective surgical interventions or
other common invasive procedures (ie, renal biopsy)
should be adequately evaluated and prepared for these
events. This may include a determination of the bleeding
time and appropriate intervention, as previously described.
Although heparin is not used routinely for construction of
an AV access, its use may increase intraoperative and post-
operative bleeding. Because the arterial clamp time is gen-
erally short and the arteries are fairly normal, but primarily
because of the underlying platelet abnormalities in uremic
patients, adjunctive heparin is usually not necessary for
most patients. Scheduling AV access procedures on the day
between dialyses will decrease exposure of fresh surgical
incisions to the heparin used during hemodialysis.
Recommendations. Preparation for invasive interven-
tions should include assurance of adequate dialysis, correc-
tion of anemia with hematocrit to30%, discontinuance of
medications promoting bleeding, and reasonable correc-
tion of abnormal bleeding times. If this cannot be accom-
plished with these routine procedures, estrogen should be
considered to promote correction of the bleeding time. If a
reasonable bleeding time cannot be achieved, DDAVPmay
be administered at the time of the intervention. Although
repetitive dosing may not achieve the same degree of he-
mostatic efficacy, it is probably worth repeating. If the
bleeding is still not controlled, another short-acting hemo-
static agent, cryoprecipitate, may be administered.
Needle puncture sites and high pressures on dialysis
Patients will often appear in the emergency department
after discharge from the dialysis center with persistent or
delayed access site hemorrhage. Such bleeding associated
with an AV access usually occurs due to needle puncture
during hemodialysis, but may be the result of skin erosion
overlying superficial conduits when infection is not the
cause. If limited to a needle puncture, direct digital pressure
over the site will usually achieve hemostasis. While main-
taining direct digital pressure, a bleeding time can suggest
the severity of the individual’s bleeding tendency. If the
bleeding cannot be stopped, a suture may be sufficient.
Insertion of an endograft through a separate percuta-
neous puncture site is another option for managing hema-
tomas associated with AV access conduits, especially for
rapidly expanding hematomas or when the skin is intact
over the bleeding site. This option avoids the need to make
an incision directly in the hematoma and also allows the
option of controlling the bleeding by temporarily inflating
an occluding balloon in the conduit until an endograft is
placed across the bleeding site. This option is discussed in
greater detail in the subsequent section on pseudoaneu-
rysm.
Rapidly expanding hematomas should be temporarily
controlled by continuing direct pressure to the bleeding
site for 30 to 40 minutes. If necessary, compression may be
applied to the arterial inflow part of the access. However, if
the skin has eroded over the conduit and a hematoma has
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infected AV access. Often an emergency intervention is
required. A new graft should be tunneled subcutaneously
beneath intact skin lateral or medial to the exposed site so
that the new segment of graft is covered with healthy tissue,
and the exposed segment of graft should be excised.
A well-functioning AV access is characterized by a
low-resistance venous outflow, which may be altered by
outflow stenoses or obstruction. Elevated outflow venous
pressures would predispose to access site bleeding. Thus,
although most needle puncture site bleeding can be man-
aged medically, underlying causes that should be consid-
ered include outflow obstruction, graft infection, and pseu-
doaneurysm, any of which may require more urgent
operative intervention. A duplex examination will help
define these complications.
Recommendations. Emergency onset of persistent
bleeding requires rapid acting interventions to achieve he-
mostasis and preserve the AV access. Direct digital com-
pression is effective for needle hole bleeding and may often
require an adjunctive suture. If still uncontrolled, a covered
stent may be deployed at the site. If the skin is eroded at the




X Usually based on local findings at the graft or access
site
X Duplex imaging is helpful in distinguishing from
noninfectious problems and in assessing the extent
of involvement
X Nonspecific manifestations (fever, leukocytosis,
bacteremia) are common presentations of catheter-
related sepsis, but unexpected sites (including aban-
doned grafts) may be identified with indium 111
(111In)-tagged leukocyte scans.
● Organisms recovered from AV access infections are
similar regardless of access
X Staphylococcus spp constitute 32% to 53%.
X Enterococci and coagulase-negative Staphylococcus
spp, 20% to 32%
X Polymicrobial infections with gram-negative bacte-
ria, 10% to 18%
X Staphylococcus and Pseudomonas spp may both be
highly destructive and likely to incur anastomotic
disruption
X Antibiotic resistance occurs early with a rising fre-
quency in dialysis-dependent patients.
● The reported incidence of infections affecting the AV
access site ranges from
X 0.56% to 5% per year for autogenous AV access
X 4% to 20% per year for prosthetic AV grafts
● Management
X Autogenous AV access infections are usually local-
ized
– May respond to antibiotics– If associated with bleeding and proximity to the
anastomosis ligation may be required.
X Prosthetic AV access grafts
– Truly localized—segmental excision/graft re-
placement
– Partial excision—appropriate for more extensive
infection not involving the anastomoses; a small
cuff of prosthetic may be left attached to the artery
avoiding the morbidity of extensive dissection in
dense scar adjacent to the neurovascular struc-
tures
– Excision-in-toto—required for removal of infec-
tion involving the anastomoses and for those with
particularly virulent organisms.
Infection is the second leading cause of failure of pros-
thetic AV accesses and autogenous AV accesses and is a
frequent complication of AV access surgery requiring hos-
pitalization. Infection ranks second to cardiovascular dis-
ease as a cause of death in hemodialysis patients.1 Infection
associated with AV access in hemodialysis patients is mul-
tifactorial. It has long been recognized that immune func-
tion is compromised in uremic and dialysis-dependent in-
dividuals. Although transcutaneous catheters are the most
frequent source of these infections, the main focus of this
document is infection at peripheral access sites.
Access infections can begin during the initial access
placement and during frequent breaches of the skin and
access conduit by dialysis needles. As a result of this inter-
relationship between skin flora and the necessity for trans-
cutaneous access to the circulation, Staphylococcus spp are
the most frequent causative organisms, with an increasing
frequency of antibiotic resistance in these and enterococcal
species. Discussion will focus on options for preservation of
the access site, recognizing that complete resolution of
infection will require sacrifice of some sites.
Clinical presentation
Diagnosis of peripheral AV access site infection is usu-
ally clinically obvious and manifested by localized findings
such as tenderness, erythema, cellulitis, induration, masses,
drainage, exposed access, and sinus tracts. These findings
may develop long after implantation, or as a consequence of
hematoma from a recent puncture or an incision from a
surgical intervention. Systemic manifestations such as fever,
bacteremia, and septicemia are more commonly associated
with catheter access; these infections are associated with
considerably greater morbidity and mortality. However,
many reports on infection in the dialysis population focused
on septicemia or bacteremia, or both, but did not distin-
guish between bloodstream infection and those related to
peripheral AV access sites. Likewise, infections originating
from the access must be distinguished from other sources
such as pneumonia, osteomyelitis, septic arthritis, and en-
docarditis.29
The mortality rate at the commencement of dialysis is
12%; this increases to 15% during the third month after the
first dialysis. Infection-related mortality rates during this
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years.1 According to a survey sponsored by the Centers for
Disease Control and Prevention (CDC), an average of 3.2%
of patients per month (range, 0.31%-3.98%) at United
States dialysis centers will experience a vascular access–
related infection; fully 55% were associated with bacter-
emia.30
The prosthetic AV access conduit is intentionally
placed in a superficial tunnel; thus, the distinction between
subcutaneous inflammation and graft involvement may be
difficult because erythema, tenderness, and indurationmay be
present for a variable length of time postoperatively. Accurate
determination of the extent of graft infection is critical to
successful management but may not be clarified until opera-
tive exploration. It is particularly important to recognize in-
fection involving the arterial anastomosis.
Pathophysiology and diagnostic evaluation
Patients with ESRD are prone to infection from uremia-
induced immunologic dysfunction, including impaired
lymphocyte-mediated cellular immunity, neutrophil che-
motaxis, phagocytosis, bacterial killing, and metabolic
function.31-36 Recent data suggest that resistance to plate-
let microbicidal protein is a permissive factor in the devel-
opment of infection with intravascular devices.37 Other
mechanisms of altered polymorphonuclear neutrophil
function include malnutrition, iron overload, increased in-
tracellular calcium, the dialysis treatment, and circulating
plasma factors.31 Although septicemia may originate from
many different sites (pneumonia, foot sepsis, urinary tract
infection, decubitus ulcers, endocarditis), an established
intravascular focus is usually responsible for satellite infec-
tion in the spine, septic joints, endarteritis, or endocard-
itis.34,38
Bloodstream infections: bacteremia and septicemia. An
increasing international body of data implicates catheter
access as the leading source of these bloodstream infec-
tions. Epidemiology of Bacteremia in Dialysis Patients
(EPIBACDIAL), a prospective, French multicenter cohort
study, compared bloodstream infections with peripheral
site infections and found a relative risk of 7.6 between
catheter and autogenous AV access; 81% of their patients
were dialyzed through an autogenous AV access.38 In the
United Kingdom, tunneled catheters had a 5.43 hazard
ratio for bacteremia (95% CI, 2.67-11.0, P  .001) com-
pared with autogenous AV access, and the hazard ratio was
3.39 (95% CI, 1.67-6.87, P  .001) when analyzed for
mortality; however, the number of grafts at this center was
too low for reasonable comparison.39
An integrated nephrology network in the western
United States conducted a prospective cohort study of
access-related infections; 62% of the encounters were with
prosthetic AV access. There was no significant difference
between autogenous and prosthetic AV access, but tun-
neled catheters, accounting for 20% of the encounters, had
a relative risk of 33.0 (95% CI, 10.5-103.8, P .0001) for
bacteremia and sepsis.40Tokars et al,30 from the CDC, recruited 109 centers in
30 states to form the Dialysis Surveillance Network in the
United States. Overall, there were 3.22 access-related in-
fections per month, of which 1.78 per month were bacte-
remias. As expected, the rate ratios for access-related bac-
teremia were less with autogenous AV access (0.48 [95%
CI, 0.35-0.65]), or prosthetic graft (1.0 [reference]) than
with a cuffed catheter (9.2 [95% CI, 7.7-10.8]). Indepen-
dent risk factors for access-related infection were catheter
access, low albumin, urea reduction ratio, and hospitaliza-
tion 90 days.
A unique contribution fromTokars’ investigation dem-
onstrated the magnitude of the difference in infection rates
between dialysis centers. These findings were consistent
with a pilot study suggesting that an increase in peripheral
site-related bacteremia was associated with an inner city
location.41 Although personal hygiene as a risk factor was
implicated by a previous study,42 this was only significant in
the univariate analysis of the pilot data.41 Mean access-
related infection events per month in the different centers
ranged from 0.31 to 3.98. The infection rate was signifi-
cantly reduced in 11 centers and was significantly increased
in 14 centers.30
Despite intensive programs to curb their use, 81% of
United States ESRD patients initiate dialysis with a cathe-
ter, and only 26% have an autogenous or prosthetic AV
access already in place. Although the most likely reason for
the increase in 1-year mortality was attributed to catheter
access and infection, overzealous treatment of anemia, in-
travenous iron, and intravenous vitamin D were also asso-
ciated with this increase.1
Adjuncts to clinical diagnosis: duplex imaging, nu-
clear medicine. Because the peripheral AV access is punc-
tured thrice weekly for maintenance hemodialysis, bleeding
and hematoma will occasionally complicate this process.
Surgical incisions and recently implanted prosthetic grafts
require several weeks to heal and become fully incorporated
into the surrounding tissues. Failure of this process may
result in seromas or perigraft fluid collections. Appropriate
perioperative antibiotic prophylaxis is the best preventive
measure during this critical early implantation phase.
Duplex ultrasound imaging may be helpful in resolving
the diagnosis. Perigraft fluid collections can be distin-
guished from pseudoaneurysm. Serial examinations may be
performed to monitor the progress or resolution of hema-
tomas and fluid collections. A reasonable prediction of the
extent of a perigraft fluid collection using duplex ultra-
sound imaging has direct bearing on preoperative planning
when infection is actually present. The functional status of
the access becomes important when considering proce-
dures to salvage an access with localized infection.
Occasionally, the diagnosis of infection and the clinical
findings are nonspecific, such as patients with positive
blood cultures, leukocytosis, or fever. Localization of pros-
thetic graft infection with 111In-tagged leukocyte scanning
is highly sensitive, but not necessarily specific, because any
inflammatory response may suggest infection.43-45 How-
ever, false-negative reports may be relatively frequent, the
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111In scans with the functional access punctured thrice
weekly is unknown.
Organisms. Subcutaneous prosthetic AV accesses ac-
count for most peripheral access site infections, with a small
percentage contributed by autogenous AV access. Because
they have the lowest incidence of infection, autogenous AV
access is often used as the reference value for estimates of
relative risk.38,39,40
Most peripheral access site infections are caused by
gram-positive cocci. S aureus accounts for 50% to 70% of
these infections.30,43,46-48 Coagulase-negative staphylo-
cocci are usually second in frequency, followed by polymi-
crobial infections with multiple gram-negative bacteria. S
aureus is more common with prosthetic or autogenous AV
accesses (54%) than with bacteremias (32%).30 In the sur-
veillance study by Tokars et al,30 only 12% of bacteremic
isolates originated from peripheral access infections: 53%
S aureus, 20% coagulase-negative staphylococci, 10% other
gram-positive organisms, 10% gram-negative rods, and
15% other organisms. The majority (66%) of bacteremic
isolates were from patients with catheters: 32% S aureus,
32% coagulase-negative staphylococci, 18% gram-negative
rods, and 12% other gram-positive organisms (predomi-
nantly Enterococcus spp). The remaining 23% consisted of
19% secondary bacteremias (wounds unrelated to the ac-
cess, urine, osteomyelitis, pneumonia) and 4% contami-
nants. Fungal infection with a prosthetic or autogenous AV
access was unusual.30
Antibiotic resistant organisms are common: S aureus,
38%; coagulase-negative staphylococci, 6.5%; and Entero-
coccus spp, 4.6%.30,37,39 Arterial dissolution with aneurysm
formation is more frequently encountered in infections
with virulent organisms such as Pseudomonas or S au-
reus.49-51 Grafts with convincing clinical findings of inf-
ection that produce no growth with standard culture
techniquesmay occur as frequently as 25%.47,48 This incon-
sistency is often attributed to preoperative antibiotic ad-
ministration. Enhanced microbiologic techniques with
gentle sonication of explanted prosthetic AV access may
improve the yield, particularly for late AV access graft
infections and organisms with a high adherence to graft
material.47
The chronically thrombosed prosthetic or autogenous
AV access may be considered a source of otherwise unex-
plained systemic infection. Removal of these prosthetic
grafts can require an extensive dissection and may be asso-
ciated with nerve injury, bleeding, and significant patient
discomfort. However, Ayus and Sheikh-Hamad43 identi-
fied subclinical infection in a number of otherwise asymp-
tomatic dialysis patients with 111In-tagged leukocyte scans.
The threshold for evaluating these grafts for clinical
investigation has been lowered, but there are no clear
guidelines for management of the otherwise asymptomatic
patient. This limited experience indicates that in patients
with no other identifiable source of infection, it may be
prudent to remove the nonfunctional 111In-positive graft.Management and treatment options
The choice of conduit has a profound effect on the
incidence and treatment of AV access infection. Access site
infections should be reported as early (30 days) or late
(30 days), culture-positive or culture-negative, and iden-
tify the site of the infection, whether para-anastomotic,
mid-AV access, or outflow veins.4
Surgical intervention is usually required for true AV
access infections. The recommended therapy for these
complications depends on the (1) extent of infection, (2)
type of AV access conduit (autogenous vs prosthetic), (3)
bacterial etiology, (4) functional status of the AV access
(patent or occluded), and (5) type of presentation (bleed-
ing, purulent drainage, cellulitis, fever of unknown origin).
Management includes total, subtotal, or segmental AV
access excision or (rarely) complete AV access preservation.
Autogenous. The low incidence of infection with the
autogenous AV access is one of its major clinical advan-
tages. Autogenous AV access infections are usually related
to puncture site hematoma, pseudoaneurysm, or incisional
complications. The reported frequency is 0.56% to
4.5%.40,52-54 Because the rate of infection for the autoge-
nous AV access is so low, it is frequently assigned the
reference value of 1.0 for investigations assessing compar-
ative risk.38-40 Broad-spectrum antibiotics should be ad-
ministered if AV access infection is suspected, such as
-lactam antibiotics or vancomycin and gentamicin. Intact
autogenous AV access infections have occasionally resolved
with 4 to 6 weeks of parenteral antibiotics.55 Infections that
originate at a puncture site should be observed for subse-
quent reinfection.56
Local manifestations of cellulitis, abscess, pseudoaneu-
rysm, or hematoma are the usual findings with infection
involving autogenous AV access. However, thrombus
within the aneurysmal AV access may become a source of
endarteritis.57 Owing to its infrequent occurrence, there is
a paucity of published experience.46,52-57 The combined
presence of bleeding, proximity to an anastomosis, and
local site infection is more likely to result in sacrifice of the
access.46,53However, if not localized at an anastomosis, the
infected area may be ligated and a new anastomosis con-
structed in a clean field.46,56
Prosthetic grafts. Prosthetic grafts, predominantly
polytetrafluoroethylene (PTFE), have until recently ac-
counted for most AV access sites in the United States. With
the success of the National Kidney Foundation Kidney
Disease Outcomes Quality Initiative (KDOQI) and Fistula
First initiatives, autogenous access is replacing prosthetic
grafts in United States practice.58 The advantages of the
prosthetic graft include ready availability of a standard size
conduit that is easily punctured and has a short maturation
time. In addition to infection, disadvantages of prosthetic
grafts include a short life expectancy and fibrointimal hy-
perplasia. A recent randomized controlled trial comparing
an autogenous brachiobasilic AV access with a prosthetic
forearm loop configuration found in favor of the autoge-
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and complication rate.59
The reported incidence of infection with prosthetic AV
access ranges from 3.5% to 19%.46,48,52-55,59 If infection
truly involves the AV access conduit and is not simply
cellulitis, systemic antibiotics alone are usually inadequate
as the sole treatment.
Total or subtotal AV access excision should be performed
for infected conduits when the (1) access is causing septi-
cemia, (2) access is occluded, (3) infection is due to Pseudo-
monas spp or other aggressive bacteria, or (4) the entire AV
access is involved with infection as manifested by pus or
fluid surrounding the entire conduit or when the conduit is
completely unincorporated. Occasionally, total or subtotal
AV access excision is necessary in patients with persistent or
recurrent bacteremia even when there is no overt evidence
of access infection.
The venous end of the prosthetic graft should be re-
moved and the vein oversewn or ligated. If the arterial
anastomosis is intact, a small cuff of the AV access graft can
be oversewn to maintain patency of the underlying ar-
tery.48,60 If the arterial anastomosis is involved, or infection
recurs in the retained cuff, débridement of the infected
arterial wall is needed. Reconstruction with autogenous
patch angioplasty has had inconsistent success, and arterial
ligation or bypass through clean tissue planes may be re-
quired.46,52When required, radial or distal brachial ligation
(below the profunda brachii) is well tolerated in the pres-
ence of functioning collateral circulation.52
Segmental access excision with placement of a new jump
graft through a sterile field should be considered if infection
is localized to one part of the conduit. In more than half of
infected prosthetic AV accesses, infection is confined to a
focal segment of the graft 55 An infected, disrupted anasto-
mosis must be managed by excision of at least that segment
of the AV access. To perform partial AV access excision with
a jump graft, the infected site should first be covered and
isolated with sterile adhesive dressing after the arm is pre-
pared. Through separate, clean incisions proximal and dis-
tal to the infected area, sterile segments of the patent AV
access or native arteries are exposed. A short new bypass
graft is tunneled subcutaneously through a sterile field and
anastomosed to the divided ends of the original AV access
or to an uninvolved artery, depending on the extent of the
infection. Once the new incisions are closed primarily and
isolated with sterile adhesive dressings, the infected seg-
ment is excised through a separate incision.
Complete AV access preservation may be attempted
when a small segment of the conduit is involved. However,
this strategy using delayed secondary-intention wound
healing is usually less successful than for lower extremity
arterial bypasses because an AV access is usually very super-
ficial and located immediately under the skin. Placement of
a muscle flap can be considered, but again, this is usually
not possible because of the superficial position of the bypass
and unsuitability of adjacent muscles.Results and recommendations
Infected prosthetic AV accesses treated by total, subto-
tal, or partial graft excision (51 graft infections in 45
patients) were managed using the above strategies at Penn-
sylvania Hospital.48 Thirteen patients underwent total graft
excision in the presence of systemic sepsis. Fifteen patients
with infection involving a patent graft without sepsis re-
quired subtotal graft excision involving a small, oversewn
cuff of prosthetic graft adjacent to the arterial anastomosis.
Twenty-three patients with localized infection in one seg-
ment of the graft and absence of fluid around the remaining
uninfected portion of the graft as documented by preoper-
ative ultrasound and intraoperative findings underwent
segmental graft excision with placement of a new jump
graft through a sterile field. None of the 45 patients died.
Palder et al55 reported a similar experience in 22 grafts.
The wounds healed in all patients treated with total or
subtotal graft excision, although patients required insertion
of a temporary dialysis catheter and placement of a new
permanent AV access at a different site at a later time. In
patients treated with segmental graft excision, graft patency
was maintained and wound healing was achieved in 74%,
whereas failures ultimately required total graft excision.
Schwab et al61 reported a 94% success rate when 17
patients were treated with segmental graft excision. Preser-
vation of a significant part of the incorporated graft was
possible in many of these patients, and the graft was used
for immediate dialysis, avoiding the need for temporary
catheters or new permanent dialysis access. These results
suggest that subtotal and segmental graft excision can be
safely used in selected patients with infected prosthetic AV
grafts.
NONINFECTIOUS FLUID COLLECTIONS
● Most of these complications may be managed with
limited intervention, but each has the potential to
result in loss of access.
● Hematoma
X Incidence is 0.073 to 0.2 per patient-year without
regard to type of access.
● Seroma
X Incidence ranges from 0.48% to 4.2%
X Essentially a complication of prosthetic access
X There is no clearly preferable choice of management
among aspiration, closed suction drainage, graft
replacement, or capsule débridement.
● Lymphocele-lymphorrhea
X Minimal data are available about lymphatic compli-
cations of access
X Surgical exploration may identify the leaking lym-
phatic(s)
X If no cause of venous obstruction is found for
lymphedema, management largely consists of care-
ful control of symptomatic swelling with compre-
ssion.
Localized noninfectious fluid collections representing
hematomas, seromas, lymphoceles, or lymphedema will
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presentation may be similar, but it is critically important to
distinguish these from infection, abscess, or pseudoaneu-
rysm because the implications for management vary signif-
icantly.
Although recognized as a noninfectious problem ini-
tially, each of these collections can be secondarily compli-
cated by infection. Duplex scan examination is helpful for
both diagnosis and guidance for aspiration of the fluid.
Hematoma
Identification of a hematoma is usually obvious if the
immediate history is known. Bleeding from needle punc-
ture sites may be prolonged after a dialysis session. In
particular with a newly matured autogenous AV access,
posterior wall puncture may not be well controlled, leading
to hematoma and diffuse infiltration of tissue planes. This
low-frequency complication may occur with any peripheral
access configuration. The incidence ranges from 0.073 to
0.2 per patient-year in recent studies.59,62
Clinically significant bleeding is a frequent complica-
tion of uremia. This section will focus on the mechanical
aspects of contained, nonexpanding hematomas because
medical corrective measures and the approach to active
surgical bleeding were discussed previously.
Hematomas associated with AV accesses usually arise
from needle punctures during hemodialysis. In the absence
of infection, a persisting nonexpanding intraluminal com-
munication, or pseudoaneurysm, the bleeding will usually
stop and the extravasated blood will diffuse into local tissue
planes. These are usually reabsorbed and can be observed
through the ecchymotic stage until they have resolved.
Seroma
Seromas are sterile fluid collections that can develop
around prosthetic AV grafts and almost never involve au-
togenous AV accesses. These collections occur due to tran-
sudation of sterile serum-like fluid and are confined within
a nonsecretory fibrous pseudomembrane surrounding the
graft.63 Although the etiology is unclear, they have been
reported with Dacron, bovine, and PTFE prostheses.64,65
Seromas usually appear within the first month after place-
ment, are often close to the arterial anastomosis, and may
simulate a pseudoaneurysm.66
Ultrasound-guided needle aspiration of the fluid yield-
ing serous or gelatinous material is consistent with a seroma
and can be both diagnostic and possibly therapeutic. This
strategy facilitates diagnosis by submitting the fluid for
white blood cells and bacteria evaluation, which may sug-
gest an infectious or lymphatic etiology. Treatment options
include serial aspirations, wrapping the graft with microfi-
brillar collagen (Avitene, Davol/Bard, Cranston, RI), sur-
gical excision of the entire seroma with débridement of
inflammatory tissue from around the graft while leaving the
graft in situ, and replacing the graft with a conduit different
from the original one.64 Aspiration may be as successful as
observation alone (about 68%) but was associated with
infection or graft thrombosis in 8% of cases in one series.65Drainage of the seroma and excision of the pseudomem-
brane was associated with a 72% success rate, but infection
or thrombosis occurred in 12% of cases in a different
series.63 In situ graft replacement resulted in the highest
success rate (92%) in a series of 279 cases compiled from a
survey of American vascular surgeons.65 The most worri-
some concern about this strategy is whether the fluid is
infected, but the clinical presentation, Gram stains, and
cultures usually help determine the true etiology of the
fluid. Although recognized as a noninfectious problem
initially, repetitive interventions can still be secondarily
complicated by infection and loss of the access.
Lymphatic
A lymphocele, lymphorrhea, or lymphedema can occur
as a result of disrupted small lymphatics during dissection to
expose the arterial or venous structures or during tunneling
through the subcutaneous tissue. Lymphatics and lymph
nodes concentrated along the medial aspect of the extrem-
ity may be disrupted or become inflamed as a result of
surgery. Accurate distinction between lymphocele and
other localized collections may be difficult, but the man-
agement is similar to that for perigraft seroma. Fortunately,
this is a very infrequent complication of hemoaccess proce-
dures.
Lymphorrhea or a discrete lymphocele in an extremity
is characterized by clear fluid. A small, nonenlarging lym-
phocele may resolve with simple observation. External lym-
phatic drainage and lymphoceles in communication with
the access will usually respond to surgical exploration.
Extrapolating from the experience with arterial reconstruc-
tion, identification and obliteration of leaking lymphatic
tissue may be the key.67 Diffuse lymphedema of the ex-
tremity is treated nonoperatively. Generally, the edema will
resolve after a few days or weeks with elevation. Manage-
ment of recalcitrant edema may require localized compres-
sion of the extremity with careful attention to the access
site. Each of the noninfectious fluid accumulations is dis-
tinct from infection, which must be excluded before pro-
ceeding to treat these. Unfortunately, intervention for cor-




X Most are complications of prosthetic grafts
X Incidence is estimated at 2% to 10% during the
functional life of a graft
X Will also complicate autogenous access, but less
frequently.
● Location often determines management: puncture site
vs anastomosis.
● Puncture site pseudoaneurysm
X A small, stable pseudoaneurysm may resolve with
observation
X Expanding pseudoaneurysm requires treatment– If due to infection, treat as an infected site
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e Suture repair
e Segmental replacement
e Endovascular by deployment of a covered stent
graft.
● Anastomotic pseudoaneurysm generally requires inter-
vention.
● Diffuse aneurysmal dilation of a long-standing AVF
rarely needs intervention.
A localized mass is the primary manifestation of a
pseudoaneurysm, which may occur at the anastomosis or
along the course of the access. Diagnosis is confirmed by
duplex examination localizing the neck of the aneurysm.
Perianeurysmal inflammation or fluid collections suggest
infection. Sterile pseudoaneurysms usually occur after nee-
dle puncture, whereas anastomotic pseudoaneurysms are
more likely to have an infectious etiology.
Clinical features and pathophysiology
An incidence of access-related pseudoaneurysms has
been reported to be 0.049 to 0.1 per patient-year reported
from two Dutch randomized trials, which probably under-
estimates this problem because it was limited to a single
year of observation after construction of a new access.59,62
Previous case series with longer observation periods report
pseudoaneurysms in 2% to 10% of PTFE grafts,53,55,68
which is a higher incidence than in autogenous ac-
cess.50,53,62 Pseudoaneurysm tends to occur in that portion
of the access closest to the arterial inflow, and it has been
suggested that reductions of intragraft pressures or venous
outflow obstruction, or both, contribute to their forma-
tion.69 Although not a pseudoaneurysm, diffuse aneurys-
mal dilation and elongation of the autogenous AV access is
also described here because the two are often confused
clinically.
Management and treatment options
Management of an AV access pseudoaneurysm de-
pends on the etiology (puncture site vs anastomotic vs
diffuse dilation, sterile vs infectious) and the location (en-
dovascular vs surgical management) of the lesion.
Puncture site pseudoaneurysm. A small puncture
site pseudoaneurysm can often be observed andmay resolve
without further treatment; however, surgical intervention
may be necessary if it is enlarging or acutely expanding.
Diffuse involvement of a prosthetic conduit may herald
a loss of integrity in the anterior wall structure of the graft.
Depending upon the extent of this destruction, segmental
resection may be used with anastomosis to the residual
arterial and venous ends of the graft as inflow and outflow
sites.50,53,55
A covered stent offers an endovascular alternative to
surgical management.68-70 Deployment of a short covered
stent (endograft) will control an actively communicating
puncture site and is also valuable for lesions that are difficult
to repair with open surgical exposure, such as sites that have
undergone repeated punctures, sites with extensive scarringdue to past surgery or repeated punctures, or sites located
near the axilla. Vesely69 notes that this represents an off-
label indication and reported a 6-month patency of 20% in
11 PTFE-covered stents. Dialysis through the area of the
covered graft should be avoided for some time because the
aneurysm may recur and the supporting covered stent may
also be disrupted. Also, similar to endovascular therapy for
abdominal aortic aneurysm, the aneurysm sac may not
regress rapidly if filled with organized thrombus.68-70
Anastomotic pseudoaneurysm. Anastomotic disrup-
tion resulting in pseudoaneurysm should always be man-
aged by surgical or endovascular revision. The most com-
mon cause of an anastomotic pseudoaneurysm is infection,
and it should be treated as outlined previously.
Although it is possible for sutures to erode through the
arterial wall because of arterial wall degeneration, undue
tension, or inadequate depth of suture bites, these causes
are uncommon in the AV access population. If infection is
not the cause, oversewing a small anastomotic defect may
suffice. However, a patch or short jump graft may need to
be placed from the original graft to a new segment of
uninvolved artery.50,55
Diffuse enlargement of an autogenous AV access.
Aneurysmal dilation and tortuosity is a unique feature that
may develop in an autogenous AVF that has functioned for
many years. Because these develop with expansion of the
autogenous AV access lumen, all layers of the access walls
are dilated. Although not a pseudoaneurysm, these are
often mislabeled as such. These AV accesses function ex-
tremely well for the purpose of hemodialysis as long as the
lumen is not filled with layered thrombus and the cutane-
ous envelope remains intact. An aneurysmal AV access may
raise concern from the staff, but there is no reason to
intervene as long as the AV access is functioning well for
dialysis and the dilatation is not steadily and rapidly
enlarging.
The usual indication for intervention is compromise of
the overlying skin. In addition, obstructive kinks and in-
traluminal thrombus may compromise dialysis exchanges.
Constructing a more proximal AV access using the arteri-
alized vein end-to-end anastomosis after excision of redun-
dant aneurysm, or a prosthetic graft, can restore a func-
tional access.
VENOUS HYPERTENSION
● Proximal, large vein obstruction is increasingly com-
mon (peripherally inserted central catheters [PICCs],
defibrillators, pacemakers, and both permanent and
temporary dialysis catheters).
● Subclinical venous obstruction is often unmasked by
the increased flow of a well functioning AV access.
● Significance:
X Unilateral symptoms may reflect regional or central
vein obstruction
X Superior vena cava obstruction may eliminate con-sideration of both upper extremities
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cal symptoms of venous insufficiency.
● Central venous stenosis/obstruction:
X Angioplasty alone is most appropriate for subclavian
sites due to the potential for extrinsic compression
X Angioplasty with or without stent is preferable as
initial therapy.
X Surgical bypass is more durable but incurs consider-
ably greater risk.
● Localized venous insufficiency from retrograde venous
flow patterns may be resolved by:
X Ligation of veins with retrograde flow
X Correction of localized outflow obstruction.
● Regional outflow obstruction
X Fibrointimal hyperplasia at the outflow anastomosis
or outflow vein is the most common problem with
prosthetic AV access.
X No clear treatment preference for elective treatment
of 50% stenosis between angioplasty, stent, and
observation based upon several randomized, pro-
spective trials
X Bypass of localized obstruction for well-functioning
AV access sites:
– Cephalic arch stenosis is especially troublesome
– Outflow transposition retains a functional site.
Symptoms of V-HTN were recognized in its complete
clinical form within a decade of the initial reports advocat-
ing AV access for hemodialysis.71-73 The most common
manifestation of V-HTN is regional edema, although other
typical signs and symptoms such as pigmentation, indura-
tion, dermatosclerosis, and ulceration may be produced.
The pathophysiology is straightforward but is frequently
misunderstood or misdiagnosed. The essential concept
pairs a functioning AV access, which increases arterial blood
flow to an extremity, with an obstruction to venous out-
flow.
Pre-existing venous obstruction may not be readily
recognized. To produce V-HTN, the obstruction must be
located close enough to the AV access outflow to permit
filling of branch veins. If there were no intervening
branches between the access and the obstruction, throm-
bosis would occur; thus, obstruction may produce a local-
ized V-HTN or affect an entire extremity. Central vein
obstruction may affect one or both extremities. Normal
blood flows are generally accommodated by the develop-
ment of extensive collateral drainage beds. A slightly differ-
ent variant is seen with the valvular incompetence that
occurs with the less frequently constructed side-to-side
autogenous AV access; dilation of the vein may render the
valves in the branches incompetent, permitting high-
volume retrograde flow to be redirected distally. Progres-
sive intimal hyperplastic stenosis in an outflow vein may
produce similar volume redirection.
Clinical features of V-HTN
Liberal use of central venous catheters, and the result-
ing venous obstruction, makes this the most commoncomplication limiting venous access options in the upper
extremities.2,3 In the absence of AV access flow, central
vein stenosis or obstruction is often asymptomatic. Recog-
nition may be difficult since the standard preaccess duplex
ultrasound workup may not visualize this area well.
Clinical and noninvasive “hints” may suggest central
vein stenosis or obstruction before AV access construction.
Although the history should inquire about prior catheter-
ization, not all patients will recall this treatment. Typical
scars accompany the insertion sites for tunneled catheters,
pacemaker leads, defibrillator leads, parenteral nutrition,
triple lumen, and PICCs. All of these central venous devices
have a high incidence of thromboses in the axillary, subcla-
vian, innominate, jugular veins, and vena cavae that will
compromise the options for subsequent AV access.74-79 A
PICC directly damages the cephalic and basilic veins, but
may also impede recognition of central obstruction because
of its peripheral insertion site.78,79 Central vein catheteriza-
tion is now the most common primary cause of central vein
thrombosis.80 The actual incidence of central vein throm-
bosis may be under-appreciated, however, because ultra-
sound transmission is limited by the clavicle and sternum in
these anatomic distributions.81
Once the access has been constructed, obstruction may
produce clinical findings of regional edema and high ve-
nous pressures. In addition to the inconvenience of persis-
tent edema, AV access use may be compromised by diffi-
culty with needle access and the potential for recirculation.
Axillary, subclavian, and innominate vein obstruction are
associated with unilateral findings; vena caval obstruction
produces bilateral findings. If the superior vena cava (SVC)
is occluded, this generally means the loss of both upper
extremities for subsequent AV access placement.
A strong pulse (vs a palpable thrill) in the AV access
conduit may suggest outflow obstruction. Inspection of the
extremity and the central outflow anatomy may identify an
extensive collateral pattern located across the anterior
chest, shoulder, and along the flank. SVC obstruction or
stenosis can produce a large swollen head, neck, and shoul-
der, with large chest wall collateral veins, and a feeling of
head and neck fullness and dyspnea. Airway compromise,
dizziness, mental changes, and visual problems including
blindness may supervene.82-85
The severe V-HTN produced with a functioning AV
access may also produce the typical extremity findings
associated with chronic venous insufficiency, including pig-
mentation, thickening, induration, and even ulceration of
the skin.72,73,86-91 Patent side branches between the anas-
tomosis and an outflow stenosis in an autogenous AV
access,92,93 or a radiocephalic side-to-side anastomo-
sis,89,90 divert the AV access flow into the patent collateral
venous bed, resulting in distal edema. Persistence of V-
HTN will typically produce these symptoms in the first
through fourth digits of the hand. The distribution local-
izes to the pressurized venous bed. This may be mistaken
for infection, but will only resolve with correction of the
V-HTN.88,90,93
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Flow in the radial artery increases from 30 to 300
mL/min after construction of a radiocephalic AV access.94
Mean flow using ultrasound-detected indicator dilution is
645 mL/min for radiocephalic and 1336 mL/min for
brachiocephalic autogenous AV accesses.95 Even well-de-
veloped collaterals may have difficulty managing this 10-
fold increase in arterial volume flow.
The most frequent cause of upper extremity venous
thrombosis is now central venous catheters or cardiac de-
vices; the most powerful predictor is the presence of these
devices, with an odds ratio of 7.3 (95% CI, 5.8-9.2).80,81
Approximately 50% of dialysis patients had a history of
subclavian catheterization, and 50% of those exposed had
stenoses that were considered significant.96 A Belgian study
detected significant subclavian vein stenosis or obstruction
by venography in 19% of patients who had received dialysis
through a subclavian catheter.74 A 10-year review of pace-
maker insertions at one institution found a 71% incidence
of significant subclavian vein obstruction; ligation of an
ipsilateral AV access was required in 10 of 14 dialysis
patients.75 A review of defibrillator lead placements found
14 of 30 had 50% subclavian stenosis.76
Althoughmost thrombi were peripheral in venographic
reviews of PICCs, the overall incidence of 38% has direct
implications for all dialysis patients.78,79 Thrombus was
occlusive in 86%, 38% were basilic or cephalic vein, and 12%
central vein thrombi.78 A 29% incidence of unsuspected
central venous stenosis was prospectively observed in pa-
tients with functioning prosthetic AV access who had
venography for evaluation of a known anastomotic outflow
stenosis.97 These stenoses are often short, web-like, and
focal.95
There is minimal literature comparing the cutaneous
effects of V-HTN with that of lower extremity chronic
venous insufficiency.91 Pericapillary cuffs, dermal edema,
and intimal proliferation were observed in biopsy speci-
mens taken from the index finger or first web space of
patients with upper extremity access grafts and signs of
venous hypertension.89,90 Peroxidase-antiperoxidase stain-
ing confirmed the presence of fibrin.90 Monoclonal anti-
bodies and immunofluorescence studies confirmed the
presence of fibrin in the cuffs as well as plasminogen acti-
vator inhibitor-1; the latter is suggestive of impaired break-
down of fibrin. Less extensive fibrin cuffs were also ob-
served in two side-to-side autogenous AV accesses, but
none in three end-to-end autogenous AV accesses or con-
trols.89
Central venous stenosis or occlusion
Because clinical and duplex ultrasound assessments
may not accurately reflect subclinical central vein obstruc-
tion, identification and correction may require complete
visualization of the anatomy of the proposed AV access site
and its outflow veins. Venography is essential to determine
whether the vein is occluded or stenotic; even if it is
occluded, passage of a guidewire opens up therapeuticoptions. Recognition of central vein stenosis before access
placement is generally a contraindication to use of that
extremity, unless the venous stenosis can be corrected. If it
develops after construction of the AV access, the focus is on
resolution of the symptoms of V-HTN as well as preserva-
tion of the AV access site.
Endovascular: angioplasty and stenting. Endovas-
cular approaches to treat venous outflow stenosis offer
minimal risk and a reasonable initial technical success rate;
however, durability has only been mediocre, and continued
function may require repeat intervention. The SVC is ame-
nable to thrombolysis, angioplasty, and stenting.82-84,98,99
Stenting SVC obstruction produced a more durable pa-
tency than open repair for benign etiologies, such as cath-
eters, and pacemakers, in the most recent report from the
MayoClinic.99 A 12-month patency of 67%with an assisted
patency of 100% was achieved by stenting to a diameter of
8 to 12 mm in the SVC.83 The purpose of the stent is to
prevent elastic recoil associated with the need for repeat
percutaneous transluminal angioplasty (PTA).
The same interventions are available for treatment of
the innominate vein.83,84,98,100 Results of these procedures
in the subclavian and internal jugular veins are satisfactory,
but subclavian stents may be complicated by the scissoring
effects of the first rib and the clavicle, resulting in perma-
nent deformation. A summary of these interventions over
the past decade reported a 12-month patency ranging from
11% to 68% for central venous stents and 11% to 35% for
PTA alone.83
Open surgical management: bypass and interposi-
tion grafts. Surgical management options include a direct
approach to the site of obstruction, bypass of the obstruc-
tion, construction of the access in another extremity, and
conversion to peritoneal dialysis. The direct approach in-
cludes a number of creative surgical options: jugular turn-
down, axillary–jugular bypass, axillary to contralateral ve-
nous outflow, and even atrial bypass.101-104 The best
results with SVC and innominate vein procedures have
been with autogenous vein–spiral saphenous and femoral
veins.82,84,105 With moderately reduced long-term pa-
tency, PTFE is acceptable in this anatomic site. At 4 years,
secondary patency for spiral saphenous vein graft was 90%
and 50% for PTFE. Both reflect secondary patency achieved
by initial surgery with additional endovascular interven-
tions.82,99
Although not optimal, the physician can justify contin-
ued use of the extremity with moderate venous obstruction
in some situations. These include a paucity of reasonable
options for new AV access and relatively mild symptoms
from the V-HTN. In patients who have few AV access
alternatives, the burden of a chronically swollen extremity
may become relatively acceptable.
Clearly, avoidance of the central venous catheterization
in the first place is the most effective method of eliminating
this problem. Patients with impending chronic renal failure
constitute a relatively small population of those requiring
pacemakers or defibrillators. When these choices are elec-
tive, consideration of the subsequent need for access should
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dominant upper extremity, which is usually the left.75-77,79
This has been emphasized by the Fistula First initiative and
is strongly supported by data demonstrating a significant
increase in the morbidity associated with patients com-
mencing dialysis with a catheter.3,106
Results of treatment. The literature on this compli-
cation is based on small case series and thus is limited. The
best results have been obtained when the AV access is
constructed and matured before hemodialysis commences.
When this program is successful, catheter complications can
be largely eliminated.
Endovascular options offer a minimally invasive ap-
proach with relatively low risk and immediate restoration of
functional AV access. Although durability is only mediocre,
these factors favor this as an initial approach, with the caveat
that repeated intervention is frequently necessary to main-
tain the result. Surgical approaches are more invasive, but
provide greater durability. However, the prolonged paten-
cies that were described were only achieved with adjunctive
secondary endovascular interventions. The durability of
these solutions depends on the reconstruction used: Au-
togenous reconstructions have the best track record, with
PTFE as an acceptable second choice.82,84
Valvular insufficiency
When the autogenous AV access was initially intro-
duced, considerable debate ensued about the best method
of construction. Technically, a side-to-side anastomosis was
more straightforward, had higher flows, and was less prone
to early thrombosis.87 It was assumed that the valves in the
distal venous limb would remain functional, preventing
retrograde flow into the distal, superficial veins. This did
not always occur, however, and some limbs with side-to-
side anastomosis developed high-volume retrograde flow
resulting in the typical findings of chronic venous insuffi-
ciency (edema, pigmentation, induration, and ulceration).
Unless the practitioner is familiar with the findings of distal
V-HTN, the symptoms may be mistaken for infection or
allowed to persist until infection supervenes.88,90,93
With a side-to-side radiocephalic AV access, these find-
ings were most commonly seen on the thumb and index
finger, presumably because the incompetent valves produc-
ing the V-HTN were in the distal drainage pattern of the
cephalic vein.72,87 The appropriate management is to con-
vert the side-to-side configuration to a functional end-to-
side by ligation of the incompetent, distal outflow
vein.72,87
For a new autogenous AV access, end-to-side construc-
tion is now standard procedure. However, V-HTN may
still occur when the outflow from an end-to-side radioce-
phalic fistula is obstructed proximally and the branch veins
conduct the same retrograde pressure pattern. In this set-
ting, the distribution is more likely to occur in the index,
middle, and ring fingers because the retrograde flow is
transmitted through the remaining superficial veins.88,92,93
Management options include ligation of the incompetent
branch vein feeding the distal superficial veins or relief ofthe obstruction, or both.73,87,92 Alternatively, if the access
site can be sacrificed, the AV access can always be ligat-
ed.72,88,92,93 A similar syndrome may develop with an
prosthetic AV access when intervening branches are present
between the outflow anastomosis and a more proximal
obstruction in the outflow vein.
Results of treatment. Resolution of venous outflow
obstruction can often be achieved. Construction of a side-
to-side AV access should generally be avoided. Clinical
recognition is the key to successful treatment. When accu-
rately characterized anatomically, ligation of the incompe-
tent branch vein results in resolution of symptoms.
Regional outflow obstruction
Prosthetic AV accesses are commonly found to have
intimal hyperplasia at the outflow anastomosis. Rather than
producing edema and V-HTN, outflow anastomotic steno-
sis results in high venous pressures, poor dialysis from
recirculation, and ultimately, thrombosis. However, when
outflow obstruction occurs in a more proximal vein, a
functioning autogenous or prosthetic AV access may also
produce V-HTN with complicated drainage patterns that
are difficult to visualize and correct. Rising venous pressure
is considered a sensitive indicator of outflow obstruction.
Venography may be required to identify these flow patterns
and to accurately localize the site and extent of the obstruc-
tion.
The KDOQI guidelines hypothesize that a stenosis of
50% in an autogenous or prosthetic AV access outflow
predisposes to early thrombosis with permanent loss of the
AV access.2 Accordingly, serial surveillance is recommen-
ded for the purpose of identifying these stenoses, with the
expectation that treatment of the stenosis will prevent
thrombosis and improve the functional life of an autoge-
nous or prosthetic AV access. Surveillance includes mea-
surement of recirculation, dialyzer flows during treatment,
duplex Doppler imaging, and derived AV access flow.2 The
more accurate ultrasound-detected indicator dilution
method has recently been introduced to observe serial AV
access flows.95,107-110
Supporting the concept of surveillance, Schwab et al111
measured elevated venous pressure in 73 patients for fur-
ther evaluation: 15 declined, eight had no stenosis, and
venography showed 50 had 50% lumen diameter reduc-
tion. Initial treatment with PTA was followed with repeat
PTA or surgical revision. Stenoses were located at the
outflow anastomosis, the outflow vein, and the subclavian
vein in this group of predominantly prosthetic AV accesses.
In comparison with a historical control group and the
concurrent nontreatment (refused intervention) group,
the authors concluded that elective intervention reduced
the rate of thrombosis or loss of access.111
Results of treatment. Four completed randomized
trials with similar conclusions assessed the concept of elec-
tive, preemptive intervention for venographically con-
firmed 50% venous stenosis.112-115 After angiographic
confirmation of50% stenosis, 64 patients with prosthetic
AV accesses were randomized to PTA or observation. Re-
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intervention group if 50% stenosis recurred. The two
groups did not differ significantly in terms of thrombosis or
functional access failure.112
In another trial, 58 patients with prosthetic AV accesses
and venous anastomotic stenosis of 50% were random-
ized to PTA or PTAwith an adjunctive stent. No significant
difference was noted in access thrombosis, need for surgical
revision, or need for a repeat PTA.113 In yet another trial,
34 patients with stenoses of 50% at or 3 cm of the
outflow vein–prosthetic graft junction or in the peripheral
outflow vein were randomized to PTA or PTA with an
adjunctive stent. The authors concluded that stent place-
ment offered no advantage.114 The fourth trial randomized
43 patients with venous anastomotic stenosis of 50% to
PTA or surgical revision (patch angioplasty or an interpo-
sition graft). Surgical median patency of 12months differed
significantly (P  .01) from the PTA median patency of 4
months.115 The results of these randomized trials are diffi-
cult to interpret but suggest that prophylactic intervention
may not be helpful, that stenting offers no advantage, and
that surgical revision is better than PTA.
Stenosis at the arch of the cephalic vein outflow into the
axillary vein is problematic. The vein is fragile, has a greater
incidence of rupture, is most frequently involved with
brachiocephalic AVFs, and is anatomically inhospitable to
stent therapy.116,117 In this setting, a direct surgical trans-
position procedure to reroute the cephalic vein outflow to
the more distal axillary or brachial vein performed
well.117,118 Outflow transposition is also effective for ba-
silic vein stenosis.118
Two randomized trials with similar conclusions address
the role of surveillance monitoring of AV access flow.109,110
Both used ultrasound-detected indicator dilution in an
experimental group compared with observation or clinical
monitoring alone. Both randomized 100 subjects, and
surveillance was conducted monthly or every fourth
month. Both found that the frequency of intervention with
angioplasty was significantly higher in the experimental
group, but that it had no effect on the end points. Neither
protocol resulted in an improved interval to thrombosis or
to permanent prosthetic access failure. Both concluded that
surveillance increased interventions but without demon-
strable efficacy.109,110 These findings are consistent with
those focused on anatomic stenoses as described previously.
The utility of surveillance monitoring is discussed in detail
in the Clinical Practice Guideline.119
Recommendations
The available data demonstrated no clear advantage of
angioplasty with or without stenting compared with obser-
vation; thus, there is nomandate for elective intervention to
correct 50% stenosis in the absence of other abnormali-
ties. However, because functional use of the access may be
compromised by stenosis, PTA may still have a role as a
bridge to more definitive therapy. Surgical intervention
with patch angioplasty, interposition grafting, or transpo-
sition will resolve the symptoms of V-HTN and preserve afunctional access. A systematic review is in progress at the
Cochrane Collaboration.120 Numerous authors contribut-
ing written opinions on the topic have advocated a random-
ized prospective trial to evaluate preemptive therapy for
stenosis or flow reduction identified during the recom-
mended surveillance.121
ARTERIAL STEAL SYNDROME
● Arterial steal syndrome is predominantly a clinical di-
agnosis
X Evidence of flow diversion is common but most
patients are asymptomatic
X Unilateral complaints should prompt consideration
of a diagnosis of steal
X Incidence is 0.25% to 1.8% in autogenous AV access
and 4% to 9% in prosthetic AV access
X Pain, motor, and sensory complaints involve multi-
ple nerve trunks
X Isolated digital necrosis: consider steal or distal ar-
teriosclerosis, or both
X Isolated neurologic symptoms also suggest ischemic
monomelic neuropathy (IMN) or entrapment
X Inflow arterial obstructive disease is uncommon in
the upper extremity, but should be suspected when
clinical steal combines with low AV access flow.
● Common risk factors for high-flow arterial steal in-
clude




X Ligation: Solves the problem, but requires sacrifice
of the access; appropriate for severe symptoms and
IMN
X Banding: More likely to succeed in high flow AV
access, but often complicated by thrombosis
X Rerouting of arterial inflow: Extension of the arterial
anastomosis with or without brachial ligation (distal
revascularization and interval ligation [DRIL], revi-
sion using distal inflow [RUDI], and proximaliza-
tion of the arterial inflow [PAI]) will retain a well-
functioning AV access and resolve symptoms in
most patients.
Within 5 years of the introduction of the Brescia-
Cimino-Appel AV access, disabling neurologic symptoms
in the forearm and hand were attributed to arterial steal
syndrome from radial and brachial AV accesss.71,122,123
The clinical findings of ischemic neuropathy (ie, severe
pain, motor and sensory impairment, and involvement of
multiple nerve trunks) were accurately described by
Bolton,124 a clinical neurologist with an interest in neuro-
logic dysfunction in patients with uremia.
Clinical features of symptomatic and asymptomatic
arterial steal syndrome
The clinical spectrum of arterial steal is wide because
most patients are not symptomatic but have laboratory
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fested by pulse deficits, Doppler signal attenuation, and
distal flow reversal, may be present with AV access but only
becomes symptomatic when blood flow is shunted (stolen)
from tissue beds distal to the arterial anastomosis.
Mild ischemia produces slight coldness and numbness
that occurs only during dialysis, may be self-limited, and
may resolve without treatment.
Severe ischemic symptoms of arterial steal syndrome can
be permanent and may be associated with constant pain,
severe numbness, digital cyanosis or gangrene, finger con-
tracture, or amputation of a digit, hand or forearm. Symp-
tomatic arterial steal syndrome is uncommon, but usually
requires surgical intervention. Although symptomatic steal
can occur with a forearm AV access, the incidence is low,
ranging from 0.25% to 1.8%.53,72,125,126 Severe symptom-
atic arterial steal syndrome is most frequently associated
with a brachial arterial source, with a frequency of 4% to
9%.53,72,123,125,127-132 Diabetes mellitus50,125,127,129-131
and female gender72,128,130,132 are present in more than
half of the reported cases. Other associated risk factors
include previous ipsilateral AV access, peripheral athero-
sclerosis, and age.130 Gender and diabetes cannot be al-
tered, but the need for anastomosis to the brachial artery
can be reduced by preferential use of proximal radial artery
inflow for the initial procedure or as treatment for
steal.133,134
Between 50% and 66% of patients who develop steal do
so 1 month of surgery.135 Steal syndrome may occur
immediately or evolve over several weeks and is often
exacerbated during dialysis.127,128,131,136,137 The diagno-
sis is predominantly clinical and confirmed by unilateral
neurologic complaints associated with digital tissue necro-
sis, pallor/cyanosis of the distal extremity, reduced arterial
flow distal to the anastomotic site, and reversal of flow in
the distal artery.
Complicating an accurate diagnosis in these patients is
the recognition that digital gangrene is probably due as
much to advanced atherosclerosis in the hand and forearm
as to arterial flow diversion.138 Yeager et al138 found an
equal distribution of digital gangrene in extremities con-
tralateral to the access and confirmed the severity of radial,
ulnar, and digital arterial occlusions. Thus, arteriography is
useful to define the problem and may identify an unex-
pected proximal stenosis.
The diagnosis of steal is less likely when AV access flow
is lower than expected or necrosis is present without other
characteristics of steal. When ulceration and localized
edema are present, steal must be differentiated from re-
gional venous hypertension. When the complaints are only
neurologic, consideration should be given to IMN and
entrapment.
A critical but infrequent and easily overlooked problem
associated with steal syndrome is proximal arterial steno-
sis.139-141 Just as exercise brings on symptoms of claudica-
tion with subcritical stenoses, increased flow demand asso-
ciated with an AV access may unmask arterial stenoses that
were not significant at resting flows. Although upper ex-tremity occlusive disease is generally uncommon, it should
be suspected more frequently in patients with ESRD.
Contrast arteriography may be beneficial in planning
treatment and an endovascular approach may simplify
correction.139-141 A preoperative evaluation of adequate
proximal inflow is a familiar consideration when a lower
extremity access is constructed.140
An important differential diagnosis to consider in a
patient with severe symptoms despite normal physical find-
ings and a palpable pulse distal to the access is IMN.142,143
This diagnosis can be very difficult to make, because this
form of steal affects only the median, radial, and ulnar
nerves but not the skin or muscles.
A thorough physical examination before an AV access is
performed includes a blood pressure examination of both
upper extremities and an Allen test to confirm the presence
of an intact palmar arch. Routine testing beyond a physical
examination is not necessary unless the results are abno-
rmal.144
Pathophysiology and diagnostic testing
Clinical evidence of flow diversion is observed in90%
of upper extremity AV access when evaluated by Doppler
augmentation or pressure studies. Approximately one-third
of a prospective study cohort had no radial pulse after
brachial AV access was constructed.128 About 73% of ra-
diocephalic AV access and 91% of brachial-axillary, pros-
thetic AV access (8 mm) demonstrated reversed flow in the
distal artery grafts.145
Supporting the clinical observation that brachial inflow
is associated with flow-related steal are studies with ultra-
sound dilution and electromagnetic flowmetry in newly
constructed AV access.95,145 Both methods consistently
reported that brachial-based AV access had twice the flow
of radial-based AV access.95,145 Arterial steal has beenmore
pronounced with lower extremity AV access and was once
considered a major negative factor to their use.146
Attempts to predict symptomatic arterial steal syn-
drome preoperatively are confounded by the high inci-
dence of flow diversion after an AV access is constructed.
Various investigators have used digital plethysmography in
an attempt to characterize a critical threshold for ischemia.
Although not always predictive, these thresholds offer
some guidance for flow-adjustment therapies. The pro-
posed criteria are pressures of 50 to 60 mmHg or an index
of 0.4 to 0.6 measured with a digital or forearm cuff after
AV access construction.126,128,132,147
In patients with unrecognized or uncorrected steal,
persistence of severe ischemia may produce devastating
results, such as a nonfunctional extremity with unremit-
ting chronic pain or gangrene with loss of digits or
limbs.53,72,127,130,135,148
Management, treatment, and results
When severe hemodynamic steal syndrome occurs or
IMN is diagnosed, immediate ligation or physiologic
restoration of flow is appropriate. If intervention is de-
layed 1 week, reported results are poor and interven-
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ment.3,124,127,131,136,137,142 In a small series of four
patients, the AV access was deconstructed in each patient
but only after 8 weeks. The pain syndrome improved after
12 months, but motor function did not improve.136 Red-
fern and Zimmerman127 reported partial or complete re-
covery of motor and sensory findings in seven of eight
subjects when intervention occurred between 1 day to 6
months after AV access construction.127 Although the
symptoms appeared to be less severe, two of six subjects
who were treated2 weeks of access construction achieved
better resolution of symptoms.131 Claw hand with severe
persisting pain may result when corrective surgery is unsuc-
cessful.3,137
Ligation or deconstruction of the access. The sim-
plest and most reliable method for treating dialysis access–
induced ischemia is ligation of the conduit. However, in
addition to sacrificing the access site, this strategy requires
placement of a new AV access and is of particular concern
for those with limited availability of access sites. Occasion-
ally, angioplasty of a proximal arterial stenosis or coil em-
bolization of distal reversed inflow may effectively address
symptoms of steal.139,140,149
Restriction of flow: banding or tapered conduit. Band-
ing of an AV access can provide improved native arterial
flow by deliberately narrowing the venous outflow to in-
crease resistance through the access and thus increasing
perfusion to ischemic distal tissue beds. Reducing the flow
into the access is the goal of banding. Although this is more
likely to succeed with a high-flow access, it may lead to
thrombosis in those with a low-flow access. Some centers
have successfully used controlled reduction of autogenous
AV access flow by banding, but objective criteria measuring
the amount of banding necessary to eliminate distal isch-
emia while maintaining a functional access is lack-
ing.126,150,151 As a result, thrombosis of the access is com-
mon after banding. Although flow restriction has offered
little advantage in upper extremity access, a controlled
intraoperative anastomotic taper may revitalize consider-
ation of lower extremity access procedures for individuals
whose upper extremity sites are exhausted. In consecutive
case series, this technical innovation successfully controlled
steal with transposition of the larger diameter femoral
vein.146,152
Rerouting of arterial inflow: DRIL, RUDI, and
PAI. Schanzer et al153 in 1988 described a novel tech-
nique termed distal revascularization and interval ligation
(DRIL), which offers preservation of the access with phys-
iologic restoration of flow to the hand. A DRIL procedure
involves two parts: a bypass and interval ligation of the
native artery. The bypass graft is connected to the artery
proximal to the access anastomosis and its outflow directed
to the native artery distal to the access anastomosis. The
reversal of blood flow is eliminated by ligation of the artery
distal to the AV access, providing the distal vascular bed
with normal perfusion pressure and flow.
Schanzer et al154 reported their updated experience
with DRIL procedure in 2004. Complete relief of symp-toms was achieved in 34 of 42 patients. Only partial im-
provement was seen in the remaining eight patients due to
irreversible ischemic neuropathic changes at the time of the
procedure. The cumulative patency rate at 1 year was 96%
for bypasses, 100% for autogenous AV access, and 73% for
prosthetic AV access.
Lazarides et al128 reviewed 180 AV accesses originating
from the brachial artery in an effort to better characterize
the relationship between steal and permanent neurologic
dysfunction. Those with severe sensorimotor symptoms, as
described earlier, were treated 24 hours with a DRIL
procedure, with complete resolution of ischemic symp-
toms. An attempt was made to select those with greater
severity of ischemia on the basis of a wrist/brachial index
combined with selective performance of nerve conduction
studies. Repetitive nerve conduction studies improved in
most of the treated limbs.
The DRIL procedure is generally effective but is signif-
icantly more involved and morbid than banding. Although
symptomatic steal from a distal radiocephalic AV access is
uncommon, bypass and ligation is a less attractive option
with these smaller arteries. Simple interruption of the distal
radial artery to arrest the reverse flow is straightforward and
may be approached surgically or with endoluminal coil
embolization.149 A major consideration with the DRIL
procedure is loss of the native artery.
Other novel solutions have focused on the basic con-
cept of rerouting the arterial inflow. Recognizing that
brachial arterial origin was a common feature of symptom-
atic steal, others have reported success with extending the
arterial end of the access distally to smaller arteries with
revision using distal inflow (RUDI) and proximally to
larger arteries with proximalization of arterial inflow
(PAI).134,155 Each of these management solutions is based
on small case series involving an uncommon but clinically
significant complication of AV access. More experience is
needed before an appropriate solution can be recomme-
nded.
Recommendations
When severe neurologic findings occur, physiologic
ischemia should be addressed immediately because neuro-
logic injury may not be reversible once it has occurred. The
only treatment associated with neurologic improvement
was correction of the ischemia at the earliest opportunity
after recognition. Prevention is an even better approach;
although it is impossible to avoid diabetic patients or
women with ESRD, brachial arterial anastomoses should
be avoided whenever possible. Although this is again
subject to anecdotal evidence, alternative placement of
the arterial anastomosis on the proximal radial artery is
thought to reduce development of arterial steal synd-
rome and IMN.133,156
HIGH-OUTPUT CARDIAC FAILURE
● A rare complication characterized by symptoms indis-
tinguishable from cardiac failure. Because cardiac fail-
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tion, differentiation is difficult. The sine qua none is
improvement after treatment.
● Essentially a complication of autogenous AV access.
● Attempts to correlate AV access flow with cardiac
output have suggested an AV access flow3 L/min or
an AV access flow that is30% of the cardiac output is
consistent with the diagnosis.
● A decrease in cardiac output after transient occlusion
of the AV access is suggestive of the diagnosis.
● Management options
X Ligation—solves the problem if due to AV access
overload, but requires sacrifice of the access
X Flow restriction Banding—is a more attractive op-
tion in the setting of large AV access and AV access
flows.
Autogenous AV access for maintenance hemodialysis
was usually well tolerated, but high-output cardiac failure
was reported within a decade of its introduction.157 Symp-
toms of heart failure have multiple etiologies and are very
common in the ESRD population. This rare complication
accounts for a minimal proportion of these.
High-output cardiac failure is primarily associated with
autogenous AV access because no known report implicates
a prosthetic conduit. Excessive AV access flow should raise
reasonable suspicion, but this rare morbidity may still occur
with normal AV access flows. As a result, delay in diagnosis
is common.
Although high output cardiac failure remains uncom-
mon, the current sparse literature attempts to address rec-
ognition using new and better physiologic measurement
techniques. To date, the only convincing evidence that
these symptoms are not from intrinsic cardiac disease or
other correctable conditions is resolution of the complaints
by ligation or banding of an AV access. Resolution of
symptoms remains the sine qua none of diagnosis.94,157-162
Clinical features of access-related high-output
cardiac failure
High-output cardiac failure is defined as “symptoms of
cardiac failure in the presence of an above-normal cardiac
index (2.3 L/min/m2).”158 The typical symptoms and
findings are those of right heart failure: dyspnea at rest,
dyspnea on exertion, orthopnea, paroxysmal nocturnal dys-
pnea, reduced exercise tolerance, peripheral edema, pulmo-
nary edema, cardiomegaly, increased blood volume, tachy-
cardia, and a hyperdynamic cardiac output.158 Although
not very accurate for the diagnosis of high-output cardiac
failure, temporary occlusion of the high-flow AVF may pro-
duce a reduction in pulse rate—theNicoladoni-Branham sign.
The decrease in pulse rate is a baroreceptor reflex mediated
by the vagus.160,163 One report estimated that the mean
slowing of the pulse rate in recognized high-output cardiac
failure was approximately 7 beats/min.163
Because 31% to 36% of dialysis patients have cardiac
failure at the initiation of dialysis therapy, the clinical dis-
tinction between high-output cardiac failure and intrinsiccardiac disease remains difficult.27,28 Further complicating
recognition is that heart failure subsequently develops in an
additional 25% during their dialysis lifetime.28 An abnor-
mally elevated cardiac output that decreases with temporary
occlusion of the AV access would help differentiate this
condition from intrinsic cardiac insufficiency.
The more difficult diagnostic dilemma arises, however,
when the cardiac output is relatively low.The poorly function-
ing heart may be unable to increase output when a large
proportion of output is obligated toAV access flow. Thus, it is
difficult to validate a specific diagnostic criterion for high AV
access flow or an abnormal cardiac index due to the inherent
variation between individuals. At one extreme, a young,
trained athlete was able to compensate until autogenous AV
access flow reached 19.4 L/min when symptoms of failure
developed.163 In contrast, others have reported high-output
cardiac failure with AV access flows as low as 0.8 to 1.0
L/min.94,157 According to the existing literature, the prog-
nosis for high-output heart failure is excellent, as long as the
cause is recognized and treated.94,157-160,163These guidelines
attempt to definewhichESRDpatient is at risk of high-output
cardiac failure.
Because high-output cardiac failure is rarely encoun-
tered in most dialysis units, diagnosis is likely to remain
elusive. Although literature citations for this are exception-
ally uncommon, if the problem is an obligate increase in
cardiac output, it would be logical to expect that the
pulmonary circulation would also be compromised in sus-
ceptible individuals. Indeed, several recent reports have
now appeared demonstrating pulmonary hypertension that
has responded to adjustments in the autogenous ac-
cess.161,162
Improved methods for noninvasive characterization of
AV access flow and cardiac output will distinguish AV
access–related high-output cardiac failure from other com-
mon causes of these symptoms, such as anemia, hyperten-
sion, inadequate dialysis, and fluid/electrolyte reten-
tion.157,160 Recent advances in medical management of
these problems have addressed these issues with erythro-
poietin, better antihypertensive therapy, and improved di-
alysis techniques.
Pathophysiology: role of AV access flow and cardiac
output measurements
Development of validated methods for the minimally
invasive determination of accurate AV access flow rates
should help to define this major risk factor for high-output
cardiac failure. The indicator-dilution technique with ultra-
sound detection was introduced in 1996 andmeasures flow
in the access during the time of dialysis. The mean absolute
error between duplicate access flow measurements was
5.0%  3.8%; the mean absolute error compared with
duplex Doppler (off of the dialysis machine) was 9.2% 
7.2% in seven subjects.107 The technique has subsequently
been validated by correlation against two other techniques:
magnetic resonance arteriography (r  0.91, P  .001),
and intra-access flow pressure curves (r  0.84, P 
.001).108 Serial ultrasound dilution measurements are now
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flows and have been used in randomized and prospective
trials.2,109,110
Early reports describing this rare and unusual compli-
cation were summarized in a 1976 review that measured
access flow with an electromagnetic flowmeter.157 By 1995
“invasive measurements” were used to describe improve-
ment in cardiac function before and after ligation159 and
duplex-derived AV access flows were described in 1998.163
Subsequently, the ultrasound dilution method for mea-
surement of AV access flow, a more accurate examination,
has been used to attempt to define what constitutes “too
much flow.”94,158,164 But AV access flows as low as 0.8 to
1.0 L/min measured with the earlier techniques were be-
lieved to have produced high-output cardiac failure by the
standard of clinical resolution of symptoms of failure.94,157
Thus, the relationship between AV access flow and cardiac
output probably involves more parameters than flow alone.
Physiologic changes accompanying an AV access be-
come more pronounced as the volume of AV access flow
increases, including increased heart rate, increased cardiac
output, and increased blood volume. A strong relationship
between access flow and cardiac output (r 0.62, P .01)
was defined by the equation: AV access flow  0.20 
cardiac output  0.06.164
Previous attempts to correlate clinical cardiac failure
with AV access flow rates faltered because of the wide
variation between individuals. On the basis of these find-
ings, the ratio between autogenous AV access flow and
cardiac output of 30% to 35% has been suggested as a
screening threshold for serial surveillance for high output
cardiac failure.158,164
A summary of the findings from numerous reports
indicates that “normal” autogenous AV access flows range
from 1126 to 1922 mL/min; however,15% to 23% were
still2.0 to 2.5 L/min.158Using serial ultrasound dilution
in a prospective study of access flows between 6 and 28
weeks after construction, a study documented higher flows
(mean, about 1300mL/min) in both male sex and brachial
vs radial, AV access. A trend toward lower flows was noted
in diabetic patients.95 Because a brachial AV access has
almost twice the flow of a radial, one would expect these
higher AV access flows to predispose to high-output cardiac
failure.158 MacRae et al158 suggested that the diagnosis be
entertained when the AV access flow rate 3 L/min or
30% of the ratio of AV access flow to cardiac output.
Management and treatment options
Reduction of flow through the conduit or ligation of
the AV access is appropriate management once the diagno-
sis is convincingly established. Although flow reduction
procedures have had little success in relation to the more
common problem of arterial steal, revision of an enlarged
anastomosis or banding of a dilated autogenous access has
been a more useful alternative for treatment of high-output
cardiac failure. A German group commented that they had
successfully managed this complication with banding and,
therefore, never needed to ligate an AV access for high-output cardiac failure.94 Successful resolution of the
symptoms of failure by banding or anastomotic revision
has been reported by several authors, with continued
functional utility of the hemoaccess site.94,107,157 De-
construction of the AV access by ligation also resolves
the symptoms of cardiac failure at the price of loss of the
site; ligation may be the most appropriate treatment
when no further need exists for the access—such as
successful transplantation.157,159-163 In one report, renal
allograft function also improved.159
Literature on this rare and unusual complication re-
mains sparse and characterized by clinical case analysis.
High-output cardiac failure is uncommon, but enough
detailed reports have described resolution of the clinical
findings with physiologic adjustment of AV access flow to
justify consideration of the diagnosis in appropriate clinical
situations. Because of the prevalence of cardiac failure in the
dialysis population, consideration of high-output failure
must be individualized. Currently, no specific threshold of
AV access flow or cardiac output defines high-output car-
diac failure. Although 2.5 L/min is the upper limit of flow
in most AV access, this value exceeds that required to
produce remediable symptoms in some reported cases.
Further evaluation of the flow/cardiac output ratio may be
beneficial. Response to treatment remains the sine qua none
of this diagnosis.
NEUROPATHY
● Peripheral neurologic dysfunction is a common (70%)
morbidity of advanced renal insufficiency. It may be
difficult for even well-trained experts to distinguish
between these neuropathies.
● Ischemic neuropathy: unilateral involvement of all
three forearm nerve trunks
X May have immediate or delayed onset
X Pain, paresthesias, numbness out of proportion to
physical findings
X Weakness and paralysis: radial, ulnar, and median
distribution
X Electrodiagnostic studies may assist in differential
diagnosis
X Deconstruction or revision of AV access provides
the best outcome.
● Entrapment: this focal mononeuropathy may be ame-
nable to decompression
X Carpal tunnel release–Median nerve
X Ulnar nerve:
– Cubital tunnel release
– Ulnar canal release.
● Uremic and diabetic polyneuropathy are both
X Characterized by bilateral symmetry
X Worsen with the duration of the primary condition.
Neuropathic findings are generally more common than
not in patients with ESRD. This section will focus on those
neurologic symptoms relating to the management of the
AV access. Most patients with ESRD have chronic, sym-
metrical polyneuropathy that responds to little besides
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alert for two other etiologies that may respond to interven-
tion. Ischemic neuropathy related to AV access involves
multiple nerves in a single extremity (monomelic) and is
most likely to improve when corrected immediately. En-
trapment neuropathy is a mononeuropathy amenable to
focal surgical intervention.
Accurate diagnosis of postoperative sensorimotor com-
plaints requires a satisfactory preoperative neurologic ex-
amination in addition to the obvious arterial and venous
assessment. Although it would seem that these etiologies
are relatively distinct, in practice, even experienced clini-
cians have found it difficult to differentiate between these
neuropathic syndromes. Electrodiagnostic studies have a
wide range of normal values, but may localize specific site
dysfunction or confirm a difference between extremities
when systemic neuropathy is present. By facilitating differ-
ential diagnosis, electrodiagnostic examination may reduce
the delayed recognition associated with adverse outcome.
Ischemic monomelic neuropathy
(ischemic neuropathy?)
The rare but devastating complication of IMN is dis-
tinguished by dysfunction of multiple peripheral nerve
trunks in a single extremity in the apparent absence of
arterial insufficiency. Initial descriptions of IMN reported
neurologic abnormalities in clinical situations where acute
arterial ischemia was prolonged, but subsequently cor-
rected. In practice, symptoms may begin within hours.
Clinical features of IMN. The term IMN was intro-
duced by Wilbourn in 1983, a neurologist at the Cleve-
land Clinic, and was intended to distinguish isolated
ischemia of the arterial supply to multiple nerves of a single
extremity.142 The term refers to the combination of isch-
emia and neuropathy in a single limb (melos is Greek for
limb). Descriptive and treatment recommendations are
both derived from observational data.
Neurologic symptoms may become manifest immedi-
ately after construction of hemoaccess and should be spe-
cifically assessed.127,128,131,136,137 A major diagnostic fea-
ture of IMN is the absence of findings to suggest reduction
or diversion of arterial flow. Another confounding factor
delaying recognition is the high incidence of diabetic neu-
ropathy in this population.129,130,131,136 When the clinical
neurologic examination is equivocal, electrodiagnostic
studies may facilitate diagnosis.
A deep, burning discomfort in the hand (or foot)
dominates the sensorimotor features of IMN that is con-
tinuous and persists for months. Sensory impairment is
most prominent distally, with pain, paresthesias, and
numbness in the distribution of all three forearm
nerves.124,129,131,137,142 Sensory symptoms are usually
more prominent than the physical findings, misleading the
clinician to consider a psychogenic or radiculopathic
etiology.142
The motor features include weakness or paralysis of the
muscles innervated by the three forearm nerves: radial
(wrist and finger extension), ulnar (abduction and adduc-tion of extended fingers), and median (thumb opposition,
flexion, abduction). The thumb is unable to oppose the
fingers (pinch). The end result is a claw-hand deformity
with profound loss of function and severe neuropathic
pain.137
Pathophysiology and electrodiagnostic studies. Wil-
bourn et al142 described multiple axonal-loss mononeu-
ropathies that developed abruptly, simultaneously, and
without evident muscle necrosis. In one of their three
patients, IMN developed as a consequence of an autoge-
nous AV access constructed for hemodialysis, and in the
others, IMN was related to arterial ischemia that was usu-
ally corrected by the time the neurologic symptoms were
recognized. In two of three patients in the Kaku et al143
report, IMN was access related. Subsequent reports have
focused on IMN encountered in hemoaccess patients. The
major risk factors (brachial arterial inflow, diabetes, and
usually female gender) are essentially those associated with
arterial steal syndrome.50,53,72,125,127-132,136
It is hypothesized that IMN results from transient or
localized diversion of the blood supply to the nerve trunk.
Evidence from animal and human studies supports the
selective loss of flow through the vasa nervorum.165,166
Thus, although arterial flow diversionmay be transient with
minimal evidence of persisting ischemia, the sensitivity of
neural tissue to ischemia (even though transient) may ren-
der it at greater risk for prolonged or permanent injury.
IMN thus most likely represents the residual effects of a
severe but subsequently collateralized arterial steal syn-
drome, with its effects manifested in the peripheral nerves.
Bolton et al124 described restoration of radial pulses,
but no neurologic improvement, when flow was reduced 6
weeks after construction of the AV access. In the AV access
patient reported by Wilbourn et al,142 a radial pulse was
absent for 11 days before autogenous AV access ligation
and 3 weeks before neurologic consultation. In clinical
practice and in the sparse literature on this topic, the
identification of arterial flow disturbances are not clearly
distinguished. Thus, IMN may be more simply conceived
as a particularly severe, focal neurologic consequence of
arterial steal syndrome and treated accordingly.
“EMG [electromyography] findings are suggestive of
axon-loss lesions of motor and sensory nerves supplying the
distal portion of one limb.”142 Reduced amplitudes of
nerve conduction are observed in the forearm and hand,
with the greatest reduction in the sensory fibers. Denerva-
tion is more severe distally, and the needle examination
gradually reverts to normal as one progresses proximally,
suggesting there is not a single site of infarction of a
proximal nerve trunk.142 Large and small axonal injury is
present without predilection for one size.142 Electrodiag-
nostic studies have been advocated to clarify the differential
diagnosis.127,128,131,143
Recommendations. Recognition of IMN is difficult
because it occurs so infrequently. A delay in diagnosis is
common and may compromise outcome.128,131,136,142 The
symptoms are commonly attributed to anesthesia (such as
axillary block), positioning, or surgical trauma.131,136 The
JOURNAL OF VASCULAR SURGERY
Volume 48, Number 5S Padberg, Calligaro, and Sidawy 73Sdistinction between IMN and arterial steal is probably
artificial. Limbs manifesting clinical symptoms of IMN
should be managed aggressively in the presence or absence
of hemodynamic steal.
Recognition of IMN is the indication for deconstruc-
tion or revision of the AV access. IMN is best managed with
immediate sacrifice of the AV access or rerouting of arterial
inflow as described in the previous section on arterial steal
syndrome.3,128,131,136,137 The KDOQI Clinical Practice
Guideline 5.6.2 recommends emergency vascular access
surgical consultation for these symptoms.2
Peripheral nerve compression syndromes
Peripheral nerve compression syndromes in the chronic
hemodialysis patient may be amenable to surgical interven-
tion. The most common of these is median nerve compres-
sion at the wrist from carpal tunnel syndrome; less fre-
quently encountered is ulnar nerve compression in the
cubital or ulnar canal. The differential diagnosis is compli-
cated by the high incidence of concomitant uremic or
diabetic polyneuropathy. Outcome is compromised by de-
layed recognition and treatment.
Clinical features of median nerve entrapment (car-
pal tunnel). Median nerve compression in hemodialysis
patients was reported 10 years of the introduction of the
autogenous AV access.71,167 Clinical features of median
nerve entrapment consist of pain, numbness, and tingling
in the median nerve distribution to the palm. The pain
component is often greatest in the nocturnal hours and
usually worsens during dialysis.168-172 Atrophy and weak-
ness of the thenar muscles are clinically manifest as inability
to pinch between the thumb and index finger; motor
dysfunction is a late but more specific finding and suggests
a less complete or prolonged recovery. Even in nonrenal
populations, clinical diagnosis is difficult.173,174 In the
general population without renal failure, approximately
15% of patients offer appropriate complaints, but only 2%
to 3% are confirmed to have median nerve entrapment.173
Diagnosis and treatment decisions are often made on a
clinical basis alone; however, electrodiagnostic studies are
the most accurate adjunctive test despite recognized false-
negative and false-positive results.173,174 They are parti-
cularly useful when symptoms are suggestive—but not
classic—and coexisting neuropathy is present.
Substantive differences probably exist between median
nerve compression in the population at large and that on
hemodialysis. A 10-fold increase in incidence occurs, the
nondominant hand is more often symptomatic, male gen-
der is more predominant, outcomes are less complete, and
postoperative recurrence is a real issue.167,168,172 Although
compression neuropathy may occur earlier, symptoms are
most frequently manifest after 6 to 8 years on hemodialy-
sis.175,176 The probability increases with the length of time
on dialysis; for example, compression neuropathy was diag-
nosed in 35% of individuals who have received 5 years
of hemodialysis compared with 10% of those on dialysis5
years.168,169 The probability is60% if the patient has been
on dialysis for 10 years. If neuropathy was alreadypresent, the incidence was 59% at 5 years; overall, 31% of a
hemodialysis population had findings of carpal tunnel
syndrome.168
The differential diagnosis is significantly less distinct in
the ESRD patient, and even well-trained examiners have
had difficulty distinguishing nerve compression symptoms
from diffuse systemic neuropathy and arthropathy.171 As
might be expected, the incidence of entrapment neuropa-
thy is higher when electrodiagnostic studies are used for the
diagnosis.168,175,176
Enlargement and calcification of the median artery,
which accompanies the median nerve through the carpal
tunnel into the palm, is an unusual etiology of carpal tunnel
syndrome.177,178 Diffuse calcification of the media results
in enlargement of the external diameter of the artery that
exceeds a critical threshold in this unyielding restricted
space. The diagnosis may be suspected on review of plain
hand films when the bony structure is assessed for osteoar-
thropathy.177 Resection of the enlarged calcified median
artery is preferred; however, if a tourniquet is used, it must
be released to assess whether median artery resection results
in circulatory compromise to the hand.177,178 If the artery
is thrombosed, resection is uncomplicated; however, dis-
section and reimplantation may be required if it is the sole
blood supply to the index or middle fingers.178
Clinical features of ulnar nerve entrapment (cubital
and ulnar tunnels). Ulnar nerve entrapment neuropathy has
also been reported in hemodialysis patients.168,170,171,179-181
The clinical features of ulnar nerve entrapment include pain,
paresthesia, and sensory loss to the ulnar aspect of the fourth and
theentirefifthdigit;weaknessof thedorsal andvolar interosseous
muscles (abduction and adduction of the extended digits) and
hypothenar muscles (atrophy and weakness of forceful grasp-
ing).168,179 Compression of the ulnar nerve in the ulnar
tunnel at the wrist (Guyon’s syndrome) is characterized
by a similar distribution of symptoms. The cubital and
ulnar tunnels are both managed by decompression. Al-
though entrapment is usually considered as a monone-
uropathy, median and ulnar entrapment may occur
together—a difficult diagnosis indeed.168,170,179,180,181
Role of electrodiagnostic studies. Electrodiagnostic
studies may include ulnar, median, and peroneal nerve
conduction studies and electromyography; two abnormal
nerves in a single extremity or symmetrical dysfunction
suggest a diagnosis of polyneuropathy.168,171,173-175 How-
ever, results of electromyography and nerve conduction
studies are abnormal in many more patients than those
exhibiting clinical findings. When the diagnosis is based on
electrodiagnostic studies, peripheral nerve dysfunction is
identified with equal frequency in the extremity contralat-
eral to the AV access.175,176 Some authors have recom-
mended annual lower extremity electrodiagnostic studies
because the role of entrapment is obfuscated by the fre-
quency of coexistent polyneuropathy.171,175 Although ear-
lier KDOQI guidelines specifically state that there is
compelling indication for electrodiagnostic studies in
asymptomatic patients, most hemodialysis patients do have
some peripheral symptoms.182 Delay in diagnosis is com-
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to both steal syndrome and coexisting neuropathy.
Although entrapment neuropathy is often assumed to
be directly related to the access, this cannot be clearly
discerned from the available data. Some reports have sug-
gested that the equivalency of electrodiagnostic study find-
ings in both upper extremities is evidence against
this.168,171,175 The occurrence of carpal tunnel syndrome
in patients with chronic peritoneal dialysis also suggests
that a systemic pathophysiology underlies carpal tunnel
syndrome.175,183,184
Pathophysiology: compartment pressures and -
amyloid. Localized pressure elevation within the carpal
tunnel is considered the primary pathophysiologic mecha-
nism.169,173,185 Normal pressures are 2.5 mm Hg in the
neutral, relaxed position and rise to 30 to 31 mm Hg with
flexion and extension.185 The complete elimination of elec-
trodiagnostic impulses when tissue pressure thresholds
reached a critical value of 40 to 50 mm Hg suggest that
localized neural ischemia is responsible for entrapment
neuropathy; Semmes-Weinstein filaments and 256 cps vi-
bratory stimulus were also found to correlate more closely
with electrodiagnostic study findings than the traditional,
widely accepted 2-point discrimination.186 Abnormal,
chronically elevated pressures in the carpal tunnel (24
and 32 mm Hg) were documented intraoperatively in
patients with the clinical diagnosis of carpal tunnel
syndrome.169,185 Accumulation of -amyloid is one postu-
lated etiology that is consistent with the 6- to 8-year latency
for development of compression neuropathies. Thickening
of connective tissues is attributed to deposition of amyloid
in the form of serum 2-microglobulin.
171,181 This protein
is normally found in the walls of leukocytes and is excreted
by the kidneys; it accumulates in periarticular structures and
is also associated with osteodystrophy and crippling arthro-
pathy.169,187
Management: release of median or ulnar entrap-
ment; tourniquet. In patients without renal failure, mild
symptoms of median or ulnar nerve entrapment are initially
managed with splints, anti-inflammatory medication, and
corticosteroid injection.171,173 Surgical decompression of
the median nerve consists of transection of the transverse
carpal ligament, which may be done as an open or endo-
scopic procedure. Although a reduction in the duration of
pain from the scar was demonstrated with the endoscopic
procedure, a randomized trial demonstrated no other dif-
ferences between the two techniques, including return to
work.188
Ulnar nerve entrapment is relieved by surgical decom-
pression of the cubital or ulnar tunnels. Surgical interven-
tion is recommended for symptoms suggestive of axonal
loss, such as persistent numbness, symptoms 1 year,
weakness, or muscular atrophy.173 It has been repeatedly
emphasized that early recognition and treatment is associ-
ated with improved outcomes.168,169
Vascular surgeons may be asked to approve use of a
tourniquet for release of the flexor retinaculum. Although
one author reported no autogenous AV access loss whentourniquet times were 45 minutes, the tourniquet was
not advocated for prosthetic AV accesses.169 However, two
of 14 autogenous AV accesses thrombosed in another
report.170 If recognized after release of the tourniquet,
revision and thrombectomy may be performed while in the
operating room.170 The procedure itself is quite rapid, but
surgical consultants will have to determine whether the risk
of thrombosis justifies adjunctive use of the tourniquet on
an individual basis. When the use of a tourniquet on the
arm bearing the AV access is being considered, a preproce-
dural duplex ultrasound examination should be obtained to
determine whether the AV access is at risk due to stenoses
or reduced flow.
Results of treatment. Patients in the general popula-
tion with median nerve decompression experience pain
relief immediately. More than 70% reported complete sat-
isfaction with surgical treatment, but return of muscular
strength was usually delayed for months.173 The results
with AV access patients are less satisfying but follow a
similar sensory-to-motor progression.168,189 Prolonged
symptoms may not respond, particularly when weakness
and atrophy are advanced.169,171,172 A “good” result was
reported in 76%; those with preoperative symptoms for2
years improved the least, recovering some sensation but
little motor function.169 A more detailed assessment de-
scribed “good” relief of pain in 81%, relief of paresthesia in
51%, and improvement of grip strength of 8%.172 Carpal
tunnel syndrome is particularly disabling for those perform-
ing self-dialysis, in whom compression release restored this
capability.167
Because almost all ESRD patients have some evidence
of polyneuropathy, the symptoms suggesting entrapment
will tend to be more advanced at the time of presentation;
this combined with the difficulty of diagnosis and separa-
tion of symptoms between entrapment and other neurop-
athies may explain these disparate results. Despite this, once
recognized, release of entrapped neural trunks is appropri-
ate, with the caveat that those with motor findings or
prolonged untreated symptomatic nerve compression will
fare less well. The role of splints or injections has not been
well addressed in the hemodialysis patient.
Unlike carpal tunnel syndrome in the general popula-
tion, repeat surgical decompression is occasionally neces-
sary for recurrent symptoms. Unfortunately, the result of
repeat surgical release is less encouraging; even pain was not
always relieved, and the duration of improvement was
decreased.170-172 The incidence of recurrent carpal tunnel
syndrome varies with the institution but may be as high as
19% in a given hemodialysis population.172
Recommendations. Entrapment neuropathy results
in significant disability. The clinical distinction between
median or ulnar nerve compression syndromes, steal, and
polyneuropathy is often not easy. Ulnar compression syn-
dromes are less commonly recognized, may occur in con-
junction with carpal tunnel syndrome, and make differen-
tial diagnosis more difficult. Surgical decompression is a
rapid, well-tolerated procedure that usually results in im-
mediate pain relief. However, when motor dysfunction is
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pletely, particularly if compression symptoms have been
present for a prolonged time or when there is pre-existing
neuropathy. Electrodiagnostic studies may identify a focal
nerve dysfunction but have not been a good predictor of
success from release of the compression.170,174
Polyneuropathy: uremic and diabetic
Complicating the assessment of surgically treatable
neuropathy is the high incidence of diffuse polyneuropathy
in patients with advanced chronic renal failure. Fully
50% to 70% of patients with ESRD will have polyneurop-
athy.183,190,191 More than 60% of diabetic patients will
have some form of neuropathy, the most common of which
is polyneuropathy.192 The combination of diabetes and
chronic uremia may be expressed as a more acute or more
severe form of polyneuropathy.193-195
Clinical features of uremic neuropathy. The clinical
and histopathologic findings of uremic neuropathy were
recognized and described just before widespread applica-
tion of transplantation or hemodialysis.196 Before the ad-
vent of modern renal replacement therapy, insoluble met-
abolic abnormalities and coma generally dominated the
care of the patient in terminal renal failure. As survival
lengthened with dialysis therapy, these findings became
more prevalent and the adverse effect on quality of life more
apparent. Symptoms from uremic neuropathy are rare until
the GFR is 12 to 20 mL/min (class 5 chronic renal
failure).183,189
The typical clinical findings usually begin in the lower
extremity, but eventually may involve all four extremi-
ties.189,196 Symptoms initially manifest as a burning pain in
the sole of the foot with sensations of numbness or tingling;
this is followed by loss of peripheral reflexes and vibration
sense. The earliest motor complaint is usually weakness of
ankle or toe dorsiflexion.189 Symptomatic uremic polyneu-
ropathy develops insidiously in most individuals; however,
occasionally it will develop in a fulminant acute form.197
Consistent with the systemic nature of uremic polyneurop-
athy, autonomic fibers are involved but usually produce
minimal, clinically insignificant symptoms.191
Pathophysiology and electrodiagnostic studies. The
typical clinical findings result from axonal degeneration,
with a particular predilection for large-diameter axons in
the most distal nerve trunks of the extremities.189,196-198
Distal segmental demyelination and axonal degeneration
have been confirmed, but the mechanism remains un-
known.189,191,197 Although frequently asymptomatic,
slowing of sensory nerve conduction is the earliest neuro-
physiologic abnormality.183
Results of treatment. The symptoms of uremic poly-
neuropathy are rarely reversed by dialysis; occasionally they
become worse, but the usual outcome is stabilization.
Attempts to alter the progression with dietary therapy or
manipulation of the mechanics and scheduling of dialysis,
or both, have no effect in reversing uremic neuropathic
symptoms.191,199 In contrast, the symptoms are often dra-
matically reversed after renal transplantation.189,191,198 Af-ter successful renal transplantation, reversal of wasting and
weakness occur more slowly, with deep tendon reflexes
recovering last during 9 to 12 months.189
Other neurologic abnormalities (ie, dementia, disequi-
librium syndrome, Wernicke’s encephalopathy, etc) that
may be seen in patients with renal insufficiency are beyond
the scope of this review.189
Clinical features of diabetic neuropathy. Diabetic
polyneuropathy has been recognized in many forms and is
generally thought to be the most common etiology of
polyneuropathy. Mononeuropathy and autonomic dys-
function occurs in 50% to 60% of diabetic patients.192 The
incidence increases with the duration of diabetes.192 Sev-
eral forms are known. The most prevalent manifestation is a
distal, symmetrical, sensory neuropathy, often described as
having a stocking or glove distribution; the more debilitat-
ing form consists of burning or lancinating pain. It usually
develops insidiously, continues to progress, and rarely im-
proves. Sensory and autonomic findings are more promi-
nent thanmotor impairment.200 Cranial nerve involvement
most commonly affects the muscular innervation of ocular
movement and will frequently improve on its own. The
more central neuropathies are more likely to resolve and
return to normal. Unlike the uremic form, diabetic auto-
nomic neuropathy is likely to be symptomatic and is man-
ifested as gastroparesis, impotence, nocturnal diarrhea, loss
of sphincter control, or postural hypotension192,194; this
too has a low expectation for improvement.
In a prospective, population based cohort, Dyck
et al192 performed a longitudinal study using standardized
and validated assessments of the type and stages of poly-
neuropathy. When evaluated by sensitive and comprehen-
sive diagnostic methods, the incidence of neuropathy
was 66% in insulin-dependent diabetes mellitus (IDDM)
and 59% in noninsulin-dependent diabetes mellitus
(NIDDM).192 The most common type was a polyneurop-
athy in 45% to 54% and visceral autonomic neuropathy in
5% to 7%.However, symptomatic neuropathy was observed
in only 15% patients with IDDM and 13% with NIDDM.
Severe neuropathic symptoms were significantly more com-
mon in those with IDDM (6% vs 1%). Interestingly, 10% of
neurologic symptoms were not of diabetic etiology, and 7%
had symptomatic carpal tunnel syndrome.192
Pathophysiology and electrodiagnostic studies. De-
spite its prevalence, the etiology of diabetic polyneuropathy
remains unknown.200 Suggested etiologies include meta-
bolic abnormalities, local hypoxia, thickened basement
membranes, or perivascular inflammation.200,201 The
range of histologic findings include axonal degeneration,
segmental demyelination, remyelination, and hypertrophy
of basal lamina.194 In the fulminant acute form, this may
advance at the rate of a few hundred micrometers per
day.194 Dying back fibers are a characteristic of centripetal
degeneration of peripheral axons. Mild slowing of motor
and sensory conduction is a common finding in the diabetic
patient, with or without diabetic symptoms; more severe
symptoms are associated with further decreases or absence
of conduction.192
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developed, there is rarely a specific remedy. Level I data
have demonstrated that tightly controlled glucose moni-
toring reduces the likelihood of developing neuropathy in
IDDM.202 The effect of pancreatic transplantation on dia-
betic neuropathy has not been clarified; however, one
long-term study observed continued, slow improvement in
neurophysiology in patients observed for up to 10 years.203
Recommendations: uremic and diabetic neuropa-
thy. Symmetrical distal sensory findings are common to
both uremic and diabetic etiologies. Acute onset and rapid
progression of severe neuropathy has been reported for
both diabetic and uremic etiologies.193-195 When both
occur together, however, functional deterioration can be
accelerated even further. Beginning with the typical distal
sensory dysfunction, this formmay progress within months
or years, leaving patients with an inability to stand or
walk.193,195
The clinical effects of uremic or diabetic peripheral
polyneuropathy are essentially indistinguishable; however,
symptomatic autonomic neuropathy is more likely to result
from diabetes. The severity of the typical distal, symmetrical
sensory neuropathy correlates with the duration of the
diabetes and with the duration of dialysis-dependent
chronic renal failure. Diabetic patients who require dialysis
are subject to greater severity of clinical symptomatology.
Recognition of uremic or diabetic polyneuropathy con-
founds the recognition and may delay intervention of sur-
gically amenable compression or ischemic neuropathy.
Electrodiagnostic studies may help to distinguish these
etiologies in symptomatic patients.
AUTHOR CONTRIBUTIONS
Conception and design: FP, KC, AS
Analysis and interpretation: FP, KC
Data collection: Not applicable
Writing the article: FP, KC
Critical revision of the article: FP, KC, AS
Final approval of the article: FP, KC, AS
Statistical analysis: Not applicable
Obtained funding: Not applicable
Overall responsibility: FP
REFERENCES
References designated with * are relevant randomized controlled trials,
meta-analyses, or systematic reviews.
1. United States Renal Data System. USRDS 2007 annual data report:
atlas of chronic kidney disease and end-stage renal disease in the
United States. Bethesda, MD: National Institutes of Health, National
Institute of Diabetes and Digestive and Kidney Diseases; 2007.
2. NKF-K/DOQI Clinical Practice Guidelines for Vascular Access: up-
date 2006. Am J Kidney Dis 2006;48(suppl):S176-247.
3. Spergel L, Jennings W. Creating AV fistulae in all eligible hemodialysis
patients. Fistula First National Vascular Access Improvement Initia-
tive; CD and DVD set; 2005.
4. Sidawy AN, Gray R, Besarab A, Henry M, Ascher E, Silva M Jr, et al.
Recommended standards for reports dealing with arteriovenous he-
modialysis accesses. J Vasc Surg 2002;35:603-10.
5. *Kaufman JS, O’Connor TZ, Zhang JH, Cronin RE, Fiore LD, Ganz
MB, et al. Randomized controlled trial of clopidogrel plus aspirin toprevent hemodialysis access graft thrombosis. J Am Soc Nephrol
2003;14:2313-21.
6. Brenner M. Effect of renal failure on hemostasis. Brenner and Rector’s
the kidney. 7th edition. New York, NY: Saunders; 2004. pp 2173-8.
7. *Mannucci PM, Remuzzi G, Pusineri F, Lombardi R, Valsecchi C,
Mecca G, et al. Deamino-8-D-Arginine vasopressin shortens the
bleeding time in uremia. N Engl J Med 1983;308:8-12.
8. Livio M, Gotti E, Marchesi D, Mecca G, Remuzzi G, deGaetano E.
Uraemic bleeding: role of anemia and beneficial effect of red cell
transfusions. Lancet 1982;2:1013-5.
9. *Steiner RW, Coggins C, Carvalho ACA. Bleeding time in uremia: a
useful test to assess clinical bleeding. Am J Hematol 1979;7:107-17.
10. Janson PA, Jubelierer SJ, Weinstein MJ, Deykin D. Treatment of the
bleeding tendency in uremia with cryoprecipitate. N Engl J Med
1980;303:1318-22.
11. Moia M, Vizzotto, Cattaneo M, Mannucci PM, Casati S, Ponticelli C.
Improvements in the haemonstatic defect of uraemia after treatment
with recombinant human erythropoietin. Lancet 1987;2:1227-9.
12. *Livio M, Mannucci PM, Viganó GL, Mingardi G, Lombardi R,
Mecca G, et al. Conjugated estrogens for the management of bleeding
associated with renal failure. N Engl J Med 1986;315:731-5.
13. Noris, Remuzzi G. Uremic bleeding: closing the circle after 30 years of
controversies? Blood 1999;94:2574-89.
14. Triulzi DJ, Blumberg N. Variability in response to cryoprecipitate
treatment fo hemostatic defects in uremia. Yale J Biol Med 1990;63:
1-7.
15. *Viganó GL, Mannucci PM, Lattuada A, Harris A, Remuzzi G.
Subcutaneous Desmopressin (DDAVP) shortens the bleeding time in
uremia. Am J Hematol 1989;31:32-5.
16. Mannucci PM, Ruggeri ZM, Pareti FI, Capitanio A. Deamino-8-D-
Arginine vasopressin shortens the bleeding time in uremia. Lancet
1977;2:869-72.
17. Canavese C, Salomone M, Pacitti A, Mangiarotti G, Calitri V. Re-
duced response of uraemic bleeding time to repeated doses of desmo-
pressin. Lancet 1985;1:867-8.
18. Rydzewski A, Rowinski M, Mysliwiec M. Shortening of bleeding time
after intranasal administration of 1-deamino-8-D-Arginine vasopressin
to patients with chronic uremia. Folia Haematol 1986;113:823-30.
19. *Viganó GL, Benigni A, Mendogni D, Mingardi G, Mecca G, Re-
muzzi G. Recombinant human erythropoietin to correct uremic
bleeding. Am J Kidney Dis 1991;18:44-9.
20. *Viganó G, Gaspari F, Locatelli M, Pusineri F, Bonati M, Remuzzi G.
Dose-effect and pharmacokinetics of estrogens given to correct bleed-
ing time in uremia. Kidney Int 1988;34:853-8.
21. *ViganóG, Zoja C, CornaD, RossiniM, Pusineeri F, Garattini S, et al.
17-Estradiol is the most active component of the conjugated estro-
gen mixture active on uremic bleeding by a receptor mechanism.
J Pharm Exp Ther 1990;252:344-8.
22. Sloand JA, Schiff MJ. Beneficial effect of low-dose transdermal estro-
gen on bleeding time and clinical bleeding in uremia. Am J Kidney Dis
1995;26:22-6.
23. Castillo R, Lozano T, Escolar G, Revert L, Lopez J, Ordinas A.
Defective platelet adhesion on vessel subendothelium in uremic pa-
tients. Blood 1986;68:337-42.
24. Zoja C, Noris M, Corna D, Viganó G, Perico N, deGaetano G, et al.
L-Arginine, the precursor of nitric oxide, abolishes the effect of estro-
gens on bleeding time in experimental uremia. Lab Invest 1991;65:
479-83.
25. *Crowther MA, Clase CM, Margetts PJ, Julian J, Lambert K, Sneath
D, et al. Low-intensity warfarin is ineffective for the prevention of
PTFE graft failure in patients on hemodialysis: a randomized con-
trolled trial. J Am Soc Nephrol 2002;13:2331-7.
26. *Dember LM, Beck GJ, Allon M, Delmez JA, Dixon BS, Greenberg
A, et al. Effect of clopidogrel on early failure of arteriovenous fistulas
for hemodialysis: a randomized controlled trial. JAMA 2008;299:
2164-71.
27. Stack AG, Bloembergen WE. A cross-sectional study of the prevalence
and clinical correlates of congestive heart failure among incident US
dialysis population. Am J Kidney Dis 2001;38:992-1000.
JOURNAL OF VASCULAR SURGERY
Volume 48, Number 5S Padberg, Calligaro, and Sidawy 77S28. Harnett JD, Foley RN, Kent GM, Barre PE, Murray D, Parfrey PS.
Congestive heart failure in dialysis patients: prevalence, incidence,
prognosis, and risk factors. Kidney Int 1998;47:884-90.
29. Foley RN, GuoH, Snyder JJ, GilbertsonDT, Collins AJ. Septicemia in
the United States dialysis population, 1991 to 1999. J Am Soc
Nephrol 2004;15:1038-45.
30. Tokars JI, Miller ER, Stein G. New national surveillance system for
hemodialysis associated infections: initial results. Am J Kidney Dis
2002;30:288-95.
31. Cohen G, Haag-Weber M, Horl WH. Immune dysfunction in uremia.
Kidney Int Suppl 1997;62:S79-82.
32. Anding K, Gross P, Rost JM, Allgaier D, Jacobs E. The influence of
uraemia and haemodialysis on neutophil phagocytosis and antimicro-
bial killing. Nephrol Dial Transplant 2003;18:2067-73.
33. Chonchol M. Neutrophil dysfunction and infection risk in end stage
renal disease. Semin Dial 2006;19:291-6.
34. Butterly DW, Schwab SJ. Dialysis access infections. Curr Opin Neph-
rol Hypertens 2000;9:631-5.
35. Perecesenschi G, Blum M, Aviram A, Spirer ZH. Imparied neutrophil
response to acute bacterial infection in dialyzed patients. Arch Intern
Med 1981;141:1301-2.
36. Hanicki Z, Cichocki T, Komorowska Z, Sułowicz W, Smolen´ski O.
Some aspects of cellular immunity in untreated and maintenance
hemodialysis patients. Nephron 1979;23:273-5.
37. Fowler VG, McIntyre LM, Yeaman MR, Peterson GE, Reiller LB,
Corey GR, et al. In vitro resistance to thrombin-induced platelet
microbicidal protein in isolates of Staphylococcus aureus from endo-
carditis patients correlates with an intravascular device source. J Inf Dis
2000;182:1251-4.
38. *Hoen B, Paul-Dauphin A, Hestin D, Kessler M. EPIBACDIAL: a
multicenter prospective study of risk factors for bacteremia in chronic
hemodialysis patients. J Am Soc Nephrol 1998;9:869-76.
39. Thomson PC, Stirling CM, Geddes CC, Morris ST, Mactier RA.
Vascular access in haemodialysis patients: a modifiable risk factor for
bacteremia and death. Q J Med 2007;100:415-22.
40. Stevenson KB, Hannah EL, Lowder CA, Adcox MJ, Davidson RL,
Mallea MC, et al. Epidemiology of hemodialysis vascular access infec-
tions from longitudinal infection surveillance data: predicting the
impact of NKF-DOQI clinical practice guidelines for vascular access.
Am J Kidney Dis 2002;39:549-55.
41. *Tokars JI, Light P, Anderson J, Miller ER, Parrish J, Armistead N,
et al. A prospective study of vascular access infections at seven outpa-
tient hemodialysis centers. Am J Kidney Dis 2001;37:1232-40.
42. Kantrowitz LG, Comstock JA, Landwehr DM, Dalton HP, Mayhall
CG. A prospective study of infections in hemodialysis patients: patient
hygiene and other risk factors for infection. Infect Control Hosp
Epidemiol 1988;9:534-41.
43. Ayus JC, Sheikh-Hamad D. Silent infection in clotted hemodialysis
access grafts. J Am Soc Nephrol 1998;9:1314-7.
44. Brunner MC, Mitchell RS, Baldwin JC, James DR, Olcott C 4th,
Mehigan JT, et al. Prosthetic graft infection: limitation of indium
white blood cell scanning. J Vasc Surg 1986;3:42-8.
45. Williamson MR, Boyd CM, Read RC, Thompson BW, Barnes RW,
Shah HR, et al. 111 In-labeled leukocytes in the detection of pros-
thetic vascular graft infections. Am J Roentgenol 1986;147:173-6.
46. Taylor B, Sigley RD,May KJ. Fate of infected and eroded hemodialysis
grafts and autogenous fistulas. Am J Surg 1993;165:632-6.
47. Padberg FT Jr, Smith SM, Eng RHK. Accuracy of disincorporation for
identification of vascular graft infection. Arch Surg 1995;130:183-7.
48. Ryan SV, Calligaro KD, Scharff J, Dougherty MJ. Management of
infected prosthetic dialysis arteriovenous grafts. J Vasc Surg 2004;39:
73-8.
49. Geary KJ, Timkeiwicz ZM,HarrisonHN, FioreWM,Geary JE, Green
RM, et al. Differential effects of a gram negative and a gram positive
infection on autogenous and prosthetic grafts. J Vasc Surg 1990;11:
339-47.
50. Ballard JL, Bunt TJ, Malone JM. Major complications of angioaccess
surgery. Am J Surg 1992;164:229-32.51. Calligaro KD, Veith FJ, Schwartz ML, Dougherty MJ, DeLaurentis
DA. Differences in early versus late extracavitary arterial graft infec-
tions. J Vasc Surg 1995;22:680-8.
52. Padberg FT Jr, Lee BC, Curl GR. Hemoaccess site infection. Surg
Gynecol Obstet [now J Am Coll Surg] 1992;174:103-8.
53. Zibari GB, Rohr MS, Landreneau MD, Bridges RM, deVault GA,
Petty FH, et al. Complications from permanent hemodialysis vascular
access. Surgery 1998;104:681-6.
54. Churchill D, Taylor DW, Cook RJ, LaPlante P, Barre P, Cartier P,
et al. Canadian hemodialysis morbidity study. Am J Kidney Dis 1992;
19:214-34.
55. Palder SB, Kirkman RL, Whittemore AD, Hakim RM, Lazarus JM,
Tilney NL. Vascular access for hemodialysis. Patency rates and results
of revision. Ann Surg 1985;202:235-9.
56. Morgan AP. Editorial comment. Arch Surg 1974;108:732.
57. Silverman NA, Gunnells JC, Stickle DL. Surgical treatment of Staph-
ylococcus aureus endarteritis in a hemodialysis arteriovenous fistula.
Arch Surg 1974;108:730-2.
58. Foley RN, Collins AJ. End-stage renal disease n the United States: An
update from the United States Renal Data System. J Am Soc Nephrol
2007;18:2644-8.
59. *Keuter XH, De Smet AA, Kessels AG, van der Sande FM, Welten RJ,
Tordoir JH. A randomizedmulticenter study of the outcome of brachial-
basilic arteriovenous fistula and prosthetic brachial-antecubital forearm
loop as vascular access for hemodialysis. J Vasc Surg 2008;47:395-401.
60. Gifford RRM. Management of tunnel infections of dialysis polytetra-
fluoroethylene grafts. J Vasc Surg 1985;2:854-8.
61. Schwab DP, Taylor SM, Cull DL, Langan EM 3rd, Snyder BA,
Sullivan TM, et al. Isolated arteriovenous dialysis access graft segment
infection: the results of segmental bypass and partial graft excision.
Ann Vasc Surg 2000;14:63-6.
62. *Rooijens PP, Burgmans JP, Yo TI, Hop WC, de Smet AA, van den
Dorpel MA, et al. Autogenous radial-cephalic or prosthetic brachial-
antecubital forearm loop AVF in patients with compromised vessels? A
randomized multicenter study of the patency of primary hemodialysis
access. J Vasc Surg 2000;42:481-7.
63. Borrero E, Doscher W. Chronic perigraft seromas in PTFE grafts.
J Cardiovasc Surg 1988;29:46-9.
64. Ahn SS, Machleder HI, Gupta R, Moore WS. Perigraft seroma:
clinical, histology, and Serologic correlates. Am J Surg 1987;154:
173-8.
65. Blumenberg RM, Gelfand ML, Dale WA. Perigraft seromas compli-
cating arterial grafts. Surgery 1985;97:194-203.
66. Eid A, Lyass S. Acute perigraft seroma simulating anastomotic bleed-
ing of a PTFE graft applied as an arteriovenous shunt for hemodialysis.
Ann Vasc Surg 1996;10:290-1.
67. Tyndall SH, Shepard AD, Wilczewski JM, Reddy DJ, Elliott JR, Ernst
CB. Groin lymphatic complications after arterial reconstruction. J Vasc
Surg 1994;19:858-63.
68. Najibi S, Bush RL, Terramani TT, Chaikof EL, Gunnoud AB, Lums-
den AB, et al. Covered stent exclusion of dialysis access pseudoaneu-
ryms. J Surg Res 2002;106:15-9.
69. Vesely T. Use of stent grafts to repair hemodialysis graft-related
pseudoaneurysms. J Vasc Interv Radiol 2005;16:1301-7.
70. Ryan JM. Using a covered stent (Wallgraft) to treat pseudoaneurysms
of dialysis grafts and fistulas. Am J Radiol 2002;106:15-9.
71. Brescia MJ, Cimmino OE, Appel K, Hurwitz BJ. Chronic hemodial-
ysis using venipuncture and a surgically created arteriovenous fistula.
N Engl J Med 1966;275:1089-92.
72. Haimov M, Baez A, Neff M, Slifkin R. Complication of arteriovenous
fistulae for hemodialysis. Arch Surg 1975;110:708-12.
73. Kerstein M, May CJ. Acute and chronic venous insufficiency in the
finger. Angiology 1976;27:265-6.
74. Vanherweghem JL, Yassine T, Goldman M, Vandenbosch G, Delcour
C, Struyven J, et al. Subclavian vein thrombosis: a frequent complica-
tion of subclavian vein cannulation for hemodialysis. Clin Nephrol
1986;26:235-8.
75. Teruya TH, Abou-Zamzam AM, Limm W, Wong L, Wong L. Symp-
tomatic subclavian vein stenosis and occlusion in hemodialysis patients
with transvenous pacemakers. Ann Vasc Surg 2003;17:526-9.
JOURNAL OF VASCULAR SURGERY
November Supplement 200878S Padberg, Calligaro, and Sidawy76. Sticherling C, Chough SP, Baker RL, Wasmer K, Oral H, Tada H,
et al. Prevalence of central venous venous occlusion in patients with
chronic defibrillator leads. Am Heart J 2001;141:813-6.
77. Padberg FT, Blackburn GL, Bistrian BR, Ruggiero J. Central venous
cannulation for parenteral nutrition. Ann Surg 1981;193:264-70.
78. Abdullah BJ, Mohammad N, Sangkar JV, Abd Aziz YF, Gan GG, Goh
KY, et al. Incidence of upper limb venous thrombosis associated with
peripherally inserted central catheters (PICC). Br J Radiol 2005;78:
596-600.
79. Allen AW, Megargell JL, Brown DB, Lynch FC, Singh H, Singh Y,
et al. Venous thrombosis associated with the placement of peripherally
inserted central catheters. J Vasc Interv Radiol 2000;11:1309-14.
80. Joffe HV, Kucher N, Tapson VF, Goldhaber SZ. Upper-extremity
deep vein thrombosis: a prospective registry of 592 patients. Circula-
tion 2004;110:1605-11.
81. Prandoni P, Polistena P, Bernardi E, Cogo A, Casara D, Veriato F,
et al. Upper-extremity deep vein thrombosis: risk factors, diagnosis,
and complications. Arch Intern Med 1997;157:57-62.
82. Kalra M, Gloviczki P, Andrews JC, Cherry KJ, Bower TC, Panneton
JM, et al. Open surgical and endovascular treatment of superior vena
cava syndrome caused by nonmalignant disease. J Vasc Surg 2003;38:
215-23.
83. Bornak A, Wicky S, Ris HB, Probst H, Milesi I, Corpataux JM.
Endovascular treatment of stenoses in the superior vena cava syndrome
caused by non-tumoral lesions. Eur Radiol 2003;13:950-6.
84. Wisselink W, Money SR, Becker MO, Rice KL, Ramee SR, White CJ,
et al. Comparison of operative reconstruction and percutaneous bal-
loon dilatation for central venous obstruction. Am J Surg 1993;166:
200-5.
85. Cuadra S, Padberg FT, Turbin RE, Farkas J, Frohman LP. Cerebral
venous hypertension and blindness: a reversible complication. J Vasc
Surg 2005;42:792-5.
86. Eklöf B, Rutherford RB, Bergan JJ, Carpentier PH, Gloviczki, Kistner
RL, et al. Revision of the CEAP classification for chronic venous disor-
ders: a consensus statement. J Vasc Surg 2004;40:1248-52.
87. Irvine C, Holt P. Hand venous hypertension complicating arterio-
venous fistula construction for haemodialysis. Clin Exp Dermatol
1989;14:289-90.
88. Swayne LC, Manstein C, Somers R, Cope C. Selective digital venous
hypertension: a rare complication of hemodialysis arteriovenous fis-
tula. Cardiovasc Intervent Radiol 1983;6:61-2.
89. Brakman M, Faber WR, Zeegelaar JE, Bousema MT, vanProosdij JL,
Kerchhaert JA. Venous hypertension of the hand caused by hemodi-
alysis shunt: immunofluorescence studies of pericapillary cuffs. J Am
Acad Dermatol 1994;31:23-6.
90. WoodML, Reilly GD, Smith GT. Ulceration of the hand secondary to
a radial arteriovenous fistula: a model for varicose ulceration. BMJ
1993;287:1167-8.
91. Burnand KG, Whimster I, Naidoo A, Browse NL. Peri-capillary fibrin
in the ulcer-bearing skin of the leg: the cause of lipodermatosclerosis
and venous ulceration. BMJ 1982;285:1071-2.
92. DeshmukhN, Reppert M. Venous ulceration of the hand secondary to
a Cimino fistula. Mil Med 1993;158:752-3.
93. Garvin PJ, Codd JE. Severe hand venous hypertension with an end-
to-side radiocephalic fistula: case report. Mo Med 1979;76:210-1.
94. Dikow R, Schwenger V, Zeler M, Ritz E. Do AV fistulas contribute to
cardiac mortality in hemodialysis patients? Semin Dial 2002;15:14-7.
95. Begin V, Ethier J, Dumont M, Leblanc M. Prospective evaluation of
the intra-access flow of recently created native arteriovenous fistulae.
Am J Kidney Dis 2002;40:1277-82.
96. Schwab SJ, Quarles LD, Middleton JP, Cohan RH, Saeed M, Dennis
VW. Hemodialysis-associated subclavian vein stenosis. Kidney Int
1988;33:1156-9.
97. Lumsden AB,MacDonaldMJ, Isiklar H,Martin LG, Kikeri D, Harker
LA, et al. Central venous stenosis in the hemodialysis patient: inci-
dence and efficacy of endovascular treatment. Cardiovasc Surg 1997;
5:504-9.
98. Bhatia DS, Money SR, Ochsner JL, Crockett DE, Charman D,
Dharamsey SA, et al. Comparison of surgical bypass and percutaneous
balloon dilatation with primary stent placement in the treatment ofcentral venous obstruction in the dialysis patient: one-year follow-up.
Ann Vasc Surg 1996;10:452-5.
99. Rizvi AZ, Kalra M, Bjarnason H, Bower TC, Schleck C, Gloviczki P.
Benign superior vena cava syndrome: Stenting is now the first line of
treatment. J Vasc Surg 2008;47:372-80.
100. Schonfeld R, Hermans H, Novick A, Brener B, Cordero P, Eisenbud
D, et al. Stenting of proximal venous obstructions to maintain hemo-
dialysis access. J Vasc Surg 1994;19:532-8.
101. Puskas JD, Gertler JP. Internal jugular to axillary vein bypass for
subclavian vein thrombosis in the setting of brachial arteriovenous
fistula. J Vasc Surg 1994;19:939-42.
102. Currier CB, Widder S, Ali A, Kuusisto E, Sidawy A. Surgical manage-
ment of subclavian and axillary vein thrombosis in patients with a
functioning arteriovenous fistula. Surgery 1986;100:25-8.
103. McCann RL. Axillary grafts for difficult hemodialysis access. J Vasc
Surg 1996;24:257-62.
104. El-Sabrout A, Duncan JM. Right atrial bypass grafting for central
venous obstruction associated with dialysis access: another treatment
option. J Vasc Surg 1999;29:472-8.
105. Doty DB, Doty JR, Jones KW. Bypass of superior vena cava: fifteen
year’s experience with spiral vein graft for obstruction of superior vena
cava caused by benign disease. J Thorac Cardiovasc Surg 1990;99:
889-95.
106. *Huber TS, Buhler AG, Seeger JM. Evidenced-based data for the
hemodialysis access surgeon. Semin Dial 2004;17:217-23.
107. Depner TA, Krivitski NJ. Clinical measurement of blood flow in
hemodialysis access fistulae and grafts by ultrasound dilution. ASAIO
J 1995;41:M745-9.
108. Bosman PJ, Boereboom FTJ, Bakker CJ, Mall WPT, Eikelboom BC,
Blankestijn PJ, et al. Access flow measurements in hemodialysis pa-
tients: in vivo validation of an ultrasound dilution technique. J Am Soc
Nephrol 1996;7:966-9.
109. *Moist LM, Churchill DN, House AA, Millward SF, Elliott JE, Kribs
SW, et al. Regular monitoring of access flow compared with monitor-
ing of venous pressure fails to improve graft survival. J Am Soc
Nephrol 2003;14:2645-53.
110. *Robbin ML, Oser RF, Lee JY, Heudebert GR, Mennenmeyer ST,
Allon M. Randomized comparison of ultrasound surveillance and
clinical monitoring on arteriovenous graft outcomes. Kidney Int
2006;69:730-5.
111. Schwab SJ, Raymond JR, Saeed M, Newman GE, Dennis PA,
Bollinger RR. Prevention of hemodialysis fistula thrombosis: early
detection of venous stenoses. Kidney Int 1989;36:707-11.
112. *Lumsden AB, MacDonald J, Kikeri D, Cotsonis GA, Harker LA,
Martin LG. Prophylactic balloon angioplasty fails to prolong the
patency of expanded polytetraflouroethylene arteriovenous grafts: re-
sults of a prospective randomized study. J Vasc Surg 1997;26:382-92.
113. *Beathard GA. Gianturco self-expanding stent in the treatment of
stenosis in dialysis access grafts. Kidney Int 1993;43:872-7.
114. *Hoffer EK, Sultan S, Herskowitz MM, Daniels ID, Sclafani SJ.
Prospective randomized trial of a metallic intravascular stent in hemo-
dialysis graft maintenance. J Vasc Interv Radiol 1997;8:965-73.
115. *Brooks JL, Sigley RD, May KJ, Mack RM. Transluminal angioplasty
versus surgical repair for stenosis of hemodialysis grafts: a randomized
study. Am J Surg 1987;153:830-1.
116. Rajan DK, Bunston S, Misra S, Pinto R, Lok CE. Dysfunctional
autogenous arteriovenous fistulas: Outcomes after angioplasty—are
there clinical predictors of patency? Radiology 2004;232:508-15.
117. Kian K, Asif A. Cephalic arch stenosis. Semin Dial 2008;21:78-82.
118. Chen JC. Venous obstruction in patients with autogenous hemodial-
ysis arteriovenous access. Ann Vasc Surg 2005;19:629-35.
119. *Sidawy AN, Spergel LM, Besarab A, AllonM, JenningsWC, Padberg
FT, et al. The Society for Vascular Surgery: clinical practice guidelines
for the surgical placement and maintenance of arteriovenous hemodi-
alysis access. J Vasc Surg 2008;48(suppl S):2S-25S.
120. *Patel U, Bratby MJ, Brookes MJ, Lehmann ED. Angioplasty and/or
stenting for arteriovenous fistula and graft stenoses in hemodialysis
patients. Cochrane Database Syst Rev 2005;3:CD005424.
121. White JJ, Bander SJ, Schwab SJ, Churchill DN, Moist LM, Beathard
GA, et al. Opinion: is percutaneous transluminal angioplasty an effec-
JOURNAL OF VASCULAR SURGERY
Volume 48, Number 5S Padberg, Calligaro, and Sidawy 79Stive intervention for arteriovenous graft stenosis? Semin Dial
2005;18:190-202.
122. Storey BG, George CR, Stewart JH, Tiller DJ, May J, Sheil AG.
Embolic and ischemic complications after anastomosis of radial artery
to cephalic vein. Surgery 1969;66:325-7.
123. Matolo N, Kastagir B, Stevens LE, Chrysanthakopoulos S, Weaver
DH, Klinkman H. Neurovascular complications of brachial arterio-
venous fistula. Am J Surg 1971;121:716-9.
124. Bolton DF, Driedger AA, Lindsay RM. Ischemic neuropathy in ure-
mic patient caused by bovine AV shunts. J Neurol Neurosurg Psych
1979;42:810-4.
125. Morsy AH, Kulbaski M, Chen C, Isiklar H, Lumsden AB. Incidence
and characteristics of patients with hand ischemia after a hemodialysis
access procedure. J Surg Res 1998;74:8-10.
126. OdlandMD, Kelly PH, Ney AL, Andersen RC, BubrickMP.Manage-
ment of dialysis associated steal syndrome complicating upper extrem-
ity arteriovenous fistulas. Surgery 1991;110:664-9.
127. Redfern AB, Zimmerman ND. Neurologic and ischemic complica-
tions of upper extremity vascular access for dialysis. J Hand Surg (Am)
1995;20:199-204.
128. Lazarides MK, Staramos DN, Panagopoulos GN, Tzilalis VD, Elefthe-
riou GJ, Dayantas JN. Indications for surgical treatment of angioaccess-
induced arterial “steal.” J Am Coll Surg 1998;187:422-6.
129. Wyrtzes L, Markley HG, Fischer M, Alfred HJ. Brachial neuropathy
after brachial to antecubital vascular shunts for chronic hemodialysis.
Neurology 1987;37:1398-400.
130. Tordoir JHM, Dammers R, van der Sande FM. Upper extremity
ischemia and hemodialysis vascular access. Eur J Vasc Endovasc Surg
2004;27:1-5.
131. Hye RJ, Wolf YG. Ischemic monomelic neuropathy: an under-
recognized complication of hemodialysis access. Ann Vasc Surg
1994;8:578-82.
132. Schanzer A, Nguyen LL, Owens CD, Schanzer H. Use of digital
pressure measurements for the diagnosis of AV access-induced hand
ischemia. Vasc Med 2006;11:227-31.
133. Jennings WC. Creating arteriovenous fistulas in 132 consecutive pa-
tients. Exploiting the proximal radial artery arteriovenous fistula:
reliable, safe, simple forearm and upper arm access. Arch Surg 2006;
141:27-32.
134. Minion DJ, Moore E, Endean E. Revision using distal inflow: A novel
approach to dialysis-associated steal syndrome. Ann Vasc Surg 2005;
19:625-8.
135. Schanzer H, Skadany M, Haimov M. Treatment of angioaccess-
induced ischemia by revascularization. J Vasc Surg 1992;16:861-6.
136. Riggs JE, Moss AH, Labosky DA, Liput JH, Morgan JJ, Gutmann L.
Upper extremity ischemic monomelic neuropathy: a complication of
vascular access procedures in uremic diabetic patients. Neurology
1989;39:997-8.
137. Miles AM. Upper limb ischemia after vascular access surgery: differen-
tial diagnosis and management. Semin Dial 2000;13:312-5.
138. Yeager RA, Moneta GL, Edwards JM, Landry GJ, Taylor LM Jr,
McConnell DB, et al. Relationship of hemodialysis access to finger
gangrene in patients with end-stage reanl disease. J Vasc Surg 2002;
36:245-9.
139. Guerra A, Raynaud A, Beyssen B, Pagny JY, Sapoval M, Angel C.
Arterial percutaneous angioplasty in upper limbs with vascular access
devices for haemodialysis. Nephrol Dial Transplant 2002;17:843-51.
140. Valji K, Hye RJ, Roberts AC, Oglevie SB, Ziegler T, Bzookstein JJ.
Hand Ischemia in patients with hemodialysis access grafts: angio-
graphic diagnosis and treatment. Radiology 1995;196:697-701.
141. Khan FA, Vesely TM. Arterial problems associated with dysfunctional
hemodialysis grafts: evaluation of patients at high risk for arterial
disease. J Vasc Interv Radiol 2002;13:1109-14.
142. Wilbourn AJ, Furlan AJ, Hulley W, Ruschhaupt W. Ischemic
monomelic neuropathy. Neurology 1983;33:447-51.
143. Kaku DA, Malamut RI, Frey DJ, Parry GJ. Conduction block an early
sign of reversible injury in ischemic monomelic neuropathy. Neurol-
ogy 1993;43:1126-30.
144. Berman SS, Gentile AT, Glickman MH, Mills JL, Hurwitz RL, Wes-
terband A, et al. Distal revascularization-interval ligation for limbsalvage and maintenance of dialysis access in ischemic steal syndrome.
J Vasc Surg 1997;26:393-404.
145. Kwun KB, Schanzer H, Finkler N, Haimov M, Burrows L. Hemody-
namic Evaluation of angioaccess procedures for hemodialysis. Vasc
Surg 1979;13:170-7.
146. Gradman WS, Cohen W, Haji-Aghaii M. Arteriovenous fistula con-
struction in the thigh with transposed superficial femoral vein: our
initial experience. J Vasc Surg 2001;33:968-75.
147. Goff CD, Sato DT, Bloch PH, DeMasi RJ, Gregory RT, Gayle RG,
et al. Steal syndrome complicating hemodialysis access procedures: can
it be predicted? Ann Vasc Surg 2000;14:138-44.
148. Levine MP. The hemodialysis patient and hand amputation. Am J
Nephrol 2001;21:498-501.
149. Plumb TJ, Lynch TG, Adelson AB. Treatment of steal syndrome in a
distal radiocephalic arteriovenous fistula using intravascular coil em-
bolization. J Vasc Surg 2008;47:457-9.
150. Rivers SP, Scher LA, Veith FJ. Correction of steal syndrome secondary
to hemodialysis access fistulas: a simplified quantitative technique.
Surgery 1992;112:593-7.
151. Meyer F, Müller JS, Grote R, Halloul Z, Lippert H, Bürger T. Fistula
banding-success-promoting approach in peripheral steal syndrome.
Zentralb Chir 2002;127:685-6.
152. Gradman WS, Laub J, Cohen W. Femoral vein transposition for
arteriovenous hemodialysis access: improved patient selection and
intraoperative measures reduce postoperative ischemia. J Vasc Surg
2005;41:279-84.
153. Schanzer H, Schwartz M, Harrington E, Haimov M. Treatment of
ischemia due to “steal” by arteriovenous fistula with distal artery
ligation and revascularization. J Vasc Surg 1988;7:770-3.
154. Schanzer H, Eisenberg D. Management of steal syndrome resulting
from dialysis access. Semin Vasc Surg 2004;17:45-9.
155. Zanow J, Kruger U, Scholz H. Proximalization of the arterial inflow:
a new technique to treat access-related ischemia. J Vasc Surg 2006;43:
1216-21.
156. Gracz KC, Ing TS, Soung L-S, Armbruster KFW, Seim SK, Merkel
FK. Proximal forearm fistula for maintenance hemodialysis. Kidney Int
1977;11:71-5.
157. Anderson CB, Codd JR, Graff RA, Groce MA, Harter HR, Newton
WT. Cardiac failure and upper extremity arteriovenous dialysis fistulas.
Arch Intern Med 1976;136:292-7.
158. MacRae JM, Pandeya S, Humen DP, Krivitski, Lindsay RM. Arterio-
venous fistula-associated high-output cardiac failure: a review of
Mechanisms. Am J Kidney Dis 2004;43:E21-2.
159. Engelberts I, Tordoir JH, Boon ES, Schreij G. High-output cardiac
failure due to excessive shunting in a hemodialysis access fistula: an
easily overlooked diagnosis. Am J Nephrol 1995;15:323-6.
160. Reis GJ, Hirsch AT, Come PC. Detection and treatment of high-
output cardiac failure resulting from a large hemodialysis fistula.
Cathet Cardiovasc Diagn 1988;14:263-5.
161. Clarkson MR, Giblin L, Brown A, Little D, Donohoe J. Reversal of
pulmonary hypertension after ligation of a brachiocephalic arterio-
venous fistula. Am J Kidney Dis 2002;40:E8.
162. Nakhoul F, Yiglia M, Gilman R, Reisner SA, Abassi Z. The pathogen-
sis of pulmonary hypertension inhaemodialysis patients via arterio-venous
access. Nephrol Dial Transplant 2005;20:1686-92.
163. Young PR, Rohr MS, Marterre WF. High-output cardiac failure
secondary to a brachiocephalic arteriovenous hemodialysis fistula: two
cases. Am Surg 1996;64:239-42.
164. Pandeya S, Lindsay RM. The relationship between cardiac output and
access flow during hemodialysis. ASAIO 1999;45:135-8.
165. Kelly CJ, Augustine C, Rooney BP, Bouchier-Hayes DJ. An investi-
gation of the pathophysiology of ischemic neuropathy. Eur J Vasc Surg
1991;5:535-9.
166. Dyck PJ, Conn DL, Okazaki H. Necrotizing angiopathic neuropathy:
three-dimensional morphology of fiber degeneration related to sites of
occluded vessels. Mayo Clin Proc 1972;47:461-75.
167. Warren DJ, Otieno LS. Carpal tunnel in patients on intermittent
haemodialysis. Post Med J 1975;51:450-2.
JOURNAL OF VASCULAR SURGERY
November Supplement 200880S Padberg, Calligaro, and Sidawy168. Halter SK, DeLisa JA, StolovWC, ScardapameD, Sherrard DJ. Carpal
tunnel syndrome in chronic renal dialysis patients. Arch Phys Med
Rehabil 1992;62:197-201.
169. Naito M, Ogata K, Goya T. Carpal tunnel syndrome in chronic renal
dialysis patients: clinical evaluation of 62 hands and results of operative
treatment. J Hand Surg [Br] 1987;12:366-74.
170. Semer NB, Goldberg NJ, Cuono CB. Upper extremity entrapment
neuropathy and tourniquet use in patients undergoing hemodialysis.
J Hand Surg [Am] 1989;14:897-900.
171. Tzamaloukas AH, Kunzelman CL, Carroll LL, Scremin AE, Merlin
TL, Avasthi PS, et al. Carpal tunnel syndrome in patients on chronic
hemodialysis. Dial Transplant 1988;17:525-7.
172. Hirasawa Y, Ogura T. Carpal tunnel syndrome in patients on long-
term haemodialysis. Scand J Reconstr Hand Surg 2000;34:373-81.
173. Katz JN, Simmons BP. Clinical practice: carpal tunnel syndrome.
N Engl J Med 2002;346:1807-12.
174. Rempel D, Evanoff B, Amadio PC, deKromM, Franklin G, Franzblau
A, et al. Consensus criteria for the classification of carpal tunnel
syndrome in epidemiologic studies. Am J Public Health 1998;88:
1447-51.
175. Bicknell JM, Lim AC, Raroque HG, Tzamaloukas H. Carpal tunnel
syndrome, subclinical median mononeuropathy, and peripheral poly-
neuropathy: common early complications of chronic peritoneal dialy-
sis and hemodialysis. Arch Phys Med Rehabil 1991;72:378-81.
176. Gousheh J, Iranpour A. Association between carpal tunnel syndrome
and arteriovenous fistula in hemodialysis patients. Plas Reconstr Surg
2005;116:508-13.
177. Dickinson JC, Kleinert JM. Acute carpal-tunnel syndrome caused by a
calcified median artery. J Bone Joint Surg Am 1991;73:610-1.
178. Barfred T, Højlund AP, Bertheussen K. Median artery in carpal tunnel
syndrome. J Hand Surg [Am] 1985;10:864-7.
179. Konishiike T, Hashizume H, Nishida K, Inoue H, Moriwaki K.
Cubital tunnel syndrome in a patient in long-term haemodialysis.
J Hand Surg [Br] 1994;19:636-7.
180. Borman H, Akinbingol G, Maral T, Sozay S. Entrapment neuropathy
of the upper extremity in hemodialysis patients. Plast Reconstr Surg
2002;109:2598-9.
181. Borgatti PP, Lusenti T, Franco V, Anelli A, Brancaccio D. Guyon’s
syndrome in a long term hemodialysis patient. Nephrol Dial Trans-
plant 1991;6:734-5.
182. The K/DOQIClinical Practice Guidelines onChronic KidneyDisease
Work Group. National Kidney Foundation K/DOQI clinical practice
guidelines for chronic renal disease: evaluation, classification, and
stratification. Part 6. Association of GFR with complications in adults.
Guideline 11 association of level of GFR with neuropathy. Am J Kid
Dis 2002;39(suppl 1):S1-266.
183. Benz RL, Siegfreid JW, Teehan BP. Carpal tunnel syndrome in dialysis
patients: comparison between continuous ambulatory peritoneal dial-
ysis and hemodialysis populations. Am J Kidney Dis 1988;11:473-6.
184. Gagnon RF, Lough JO, Bourgouin PA. Carpal tunnel syndrome and
amyloidosis associated with continuous ambulatory peritoneal dialysis.
CMAJ 1988;139:753-5.
185. Gelberman RH, Hergenroeder PT, Hargens AR, Lundborg GN,
Akeson WH. The carpal tunnel syndrome. A study of carpal canal
pressures. J Bone Joint Surg Am 1981;63:380-3.186. Gelberman RH, Szabo RM, Williamson RV, Hargens AR, Yaru NC,
Minteer-Convery MA. Tissue pressure threshold for peripheral nerve
viability. Clin Orthop Relat Res 1983;178:285-91.
187. Gejyo F, Narita I. Current clinical and pathogenetic understanding of
-2m amyloidosis in long-term haemodialysis patients. Nephrology
2003;8:S45-9.
188. *Atroshi I, Larsson GU, Ornstein E, Hofer M, Johnssnon R, Ranstam
J. Outcomes of endoscopic surgery compared with open surgery for
carpal tunnel syndrome among employed patients: randomized con-
trolled trial. BMJ 2006;332:1473-6.
189. Gilbert MS, Robinson A, Baez A, Gupta S, Glabman S, Haimov M.
Carpal tunnel syndrome in patients who are receiving long-term renal
hemodialysis. J Bone Joint Surg Am 1988;70:1145-53.
190. Burn DJ, Bates D. Neurology and the kidney. J Neurol Neurosurg
1998;65:810-21.
191. Bolton CF. Peripheral neuropathies associated with chronic renal
failure. Can J Neurol Sci 1980;7:89-96.
192. *Dyck PJ, Kratz KM, Karnes JL, Litchy WJ, Klein R, Pach JM, et al.
The prevalence of staged severity of various types of diabetic neurop-
athy, retinopathy, and nephropathy in a population-based cohort: The
Rochester Diabetic Neuropathy Study. Neurology 1993;43:817-24.
193. Bolton CF, McKeown MJ, Chen R, Toth B, Remtulla H. Subacute
uremic and diabetic polyneuropathy. Muscle Nerve 1997;20:59-64.
194. Said G, Goulon-Goeau C, Slama G, Tchobruoutsky G. Severe early-
onset polyneuropathy in insulin-dependent diabetes mellitus: a clinical
and pathological study. N Engl J Med 1992;326:1257-63.
195. Ropper AH. Accelerated neuropathy of renal failure. Arch Neurol
1993;51:536-9.
196. Asbury AK, Victor M, Adams RD. Uremic polyneuropathy. Arch
Neurol 1963;8:113.
197. Said G, Boudier L, Selva J, Zingraff J, Drueke T. Different patterns of
ischemic polyneuropathy: clinicopathologic study. Neurology 1983;
33:567-74.
198. Ahonen RE. Peripheral neuropathy in uremic patients and in renal
transplant recipients. Acta Neuropathol 1981;54:43-53.
199. Dyck PJ, Johnson J, Nelson RA, Lambert EH, O’Brien PC. Uremic
neuropathy. III. Controlled study of restricted protein and fluid diet
and infrequent hemodialysis versus conventional hemodialysis treat-
ment. Mayo Clin Proc 1975;50:641-9.
200. Dyck PJ. New understanding and treatment of diabetic neuropathy.
New Engl J Med 1992;326:1287-8.
201. Ropper AH, Brown RH. Adams & Victor’s principles of neurology.
8th edition. New York, NY: McGraw-Hill; 2005.
202. *The Diabetes Control and Complications Trial Research Group. The
effect of intensive treatment of diabetes on the development and
progression of long-term complications in insulin-dependent diabetes
mellitus. N Engl J Med 1993;329:977-86.
203. Navarro X, Sutherland DE, Kennedy WR. Long-term effects of pan-
creatic transplantation on diabetic neuropathy. Ann Neurol 1998;44:
149-50.Submitted Aug 7, 2008; accepted Aug 18, 2008.
